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Abstract 

This  study  was  conducted  to  develop  o  method  for  stabilizing  water  samples 
to  be  analyzed  for  nitrooromotic  and  nitromine  explosives  using  SW846 
Method  8330.  Several  options  were  tested  using  river  water  fortified  with 
1 5  nitroaromatic,  nitromine,  and  aminonitroaromatic  analytes.  Acidification 
to  pH  2  using  sodium  bisuifate  was  seiected  based  on  its  abiiity  to  retard 
microbioiogical  and  chemical  transformations,  its  ease  of  use  under  field 
conditions,  and  its  usability  with  both  the  direct  and  preconcentration  procedures 
in  Method  8330.  Holding-time  studies  were  performed  over  a  64-day  storage 
period  using  fortified  riverwaterand  groundwaters  with  and  without  chemical 
stabilization.  Nonacidified  samples  showed  rapid  loss  of  tetryl,  TNB,  and 
TNT  and  slower  loss  of  the  dinitroaromatics.  These  losses  were  accompanied 
by  increasing  concentrations  of  transformation  products.  Losses  of  these 
nitroaromatics  were  completely  eliminated  by  acidification  to  pH  2.  Nitramines 
were  stable  over  the  entire  period  whether  samples  were  acidified  or  not.  A 
small  loss  of  the  aminodlnitroaromatics  was  observed  for  both  acidified 
and  unacidified  samples.  The  rate  of  loss  for  acidified  samples  was  initially 
greater  than  for  nonacidified  samples.  Sample  acidification  caused  no  adverse 
effects  on  SW846  Method  8330,  although  samples  to  be  preconcentrated 
using  salting-out  solvent  extraction  should  be  neutralized  prior  to  extraction 
to  prevent  additional  loss  of  aminodinitroaromatics.The  use  of  sample 
acidification  was  tested  in  a  production  laboratory  scenario  using  field- 
contaminated  water  samples.  The  loss  of  aminodinitrotoluenes  due  to 
aciditication  was  again  observed  for  some  samples  but  not  for  others.  A 
small  interference  near  the  retention  time  of  TNT  was  observed  and  traced 
to  the  disposable  syringes  used  for  sample  filtration  prior  to  HPLC  determination. 
Acidification  completely  eliminated  losses  of  TNT  and  TNB  over  the  28-day 
study.  As  observed  for  fortified  samples,  HMX  and  RDX  were  stable  whether 
samples  were  acidified  or  not. 


For  conversion  of  SI  units  to  non-SI  units  of  measurement  consult  ASTM 
Standard  E380-93,  Standard  Practice  for  Use  of  the  International  System 
of  Units,  published  by  the  American  Society  for  Testing  and  Materials, 
1916  Race  St.,  Philadelphia,  Pa.  19103. 
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INTRODUCTION 

There  is  an  unavoidable  delay  between  sample 
collection  at  hazardous  waste  sites  and  analysis  at 
off“Site  environmental  testing  laboratories. 
Analytes  must  be  sufficiently  stable  in  the  matrix 
under  investigation  using  prescribed  storage  con¬ 
ditions  or  they  must  be  stabilized,  usually  by  the 
addition  of  chemical  preservatives.  Matrix-specific 
analytical  methods  typically  include  a  section  de¬ 
scribing  storage  conditions  and  acceptable  hold¬ 
ing  times  between  sample  collection  and  analysis. 

The  most  commonly  used  analytical  method  in 
the  United  States  for  nitroaromatics  and  nitramines 
in  water  is  SW846  Method  8330  (EPA  1992).  The 
preextraction  holding  time  prescribed  in  this 
method  is  seven  days,  with  samples  maintained 
under  refrigeration  and  no  preservative  specified. 
However,  two  recent  holding-time  studies  have 
indicated  that  the  nitroaromatics  frequently  asso¬ 
ciated  with  munitions  wastes  can  be  subject  to 
significant  losses  while  being  held  prior  to  analy¬ 
sis.  Maskarinec  et  al.  (1991)  found  rapid  loss  of 
2,4-dinitrotoluene  (2,4-DNT)  in  both  surface  wa¬ 
ter  and  groundwater  even  when  stored  at  4'^C  in 
the  dark;  they  recommended  a  preextraction  hold¬ 
ing  time  of  only  four  days  for  water  samples  to  be 
analyzed  for  2,4-DNT.  Grant  et  al.  (1993)  found 
very  rapid  losses  of  1,3,5-trinitrobenzene  (TNB) 
and  2,4,6-trinitrotoluene  (TNT)  for  surface  water 
maintained  at  TC  in  the  dark,  but  loss  of  2,4-DNT 
was  very  small.  Losses  of  55%  for  TNB  and  30% 
for  TNT  were  observed  after  only  seven  days'  stor¬ 
age,  and  the  losses  reached  77%  for  TNB  and  45% 
for  TNT  after  14  days.  The  major  loss  mechanism 
appears  to  be  microbiological  transformation  re¬ 
sulting  in  the  reduction  of  one  nitro  group  on  the 
ring  to  amino  (Won  et  al.  1974,  McCormick  et  al. 


1976).  For  TNB  and  TNT  this  results  in  a  series  of 
transformation  products,  with  the  most  stable  be¬ 
ing  3,5-dmitroaniline  (3,5-DNA)  (from  TNB)  and 
the  2-  and  4-amino-dinitrotoluenes  (2ADNT  and 
4ADNT)  (from  TNT).  Elsewhere,  Goerlitz  (1992) 
reported  TNT  losses  as  high  as  75%  after  20  days 
of  storage  for  impreserved  groundwater  samples 
from  Hawthorne  Army  Ammunition  Plant.  Miller 
et  al.  (1983)  reported  that  2,4-DNT,  TNB,  and  sev¬ 
eral  other  nitroaromatics  fortified  into  groundwa¬ 
ter  from  Simflower  Army  Ammunition  Plant  dem¬ 
onstrated  significant  instability  when  stored  at  4°C 
in  the  dark  without  preservation.  Given  the  dif¬ 
ferences  in  results  for  different  waters,  it  appears 
that  variations  in  physical,  chemical,  and  micro¬ 
biological  properties  of  specific  waters  can  pro¬ 
duce  a  wide  range  of  effects,  i.e.,  degradation 
mechanisms  and  rates  are  somewhat  specific  to  a 
given  water.  Thus,  preservation  techniques  appro¬ 
priate  for  nitroaromatics  in  water  are  needed  and 
should  be  used  on  a  routine  basis. 

A  protocol  for  preservation  of  12  munitions- 
related  chemicals  in  water  was  developed  by  Miller 
et  al,  (1983)  at  the  Midwest  Research  Institute. 
Several  parameters  were  evaluated  relative  to  their 
effect  on  analyte  stability  with  time,  including  pH, 
temperature,  light,  containers,  and  the  presence 
of  sediment,  salt,  and  acetonitrile  (used  as  an  anti¬ 
bacterial  agent).  Several  alternative  preservation 
techniques  were  tested  using  munitions-fortified 
water.  The  resulting  data  did  not  demonstrate  large 
differences  among  treatments,  nevertheless,  the 
following  preservation  technique  was  selected: 
water  samples  are  preserved  by  adding  acetonitrile 
to  the  sample  to  achieve  a  10%  solution,  the  pH  is 
adjusted  to  3.5  with  glacial  acetic  acid,  suspended 
particles  are  removed  by  centrifugation,  and 
samples  are  stored  at  4°C  in  amber  glass  bottles. 


Tests  using  munitions-fortified  tap  water,  moni¬ 
toring  well  water,  and  sediment-deionized  water 
were  used  to  demonstrate  the  effectiveness  of  this 
procedure.  The  procedure,  however,  does  not  ap¬ 
pear  to  be  very  practical  on  a  large  scale,  particu¬ 
larly  for  routine  use  in  the  field. 

Goerlitz  and  Franks  (1989)  tested  chloroform 
and  mercuric  chloride  as  preservatives  and  found 
that  addition  of  mercuric  chloride  at  60  mg/L  was 
successful  in  significantly  reducing  the  rate  of  al¬ 
teration  of  TNT  in  groundwater  samples  from 
Hawthorne  AAR  They  attribute  the  alterations  to 
aerobic  microbiological  transformation  resulting 
in  the  generation  of  the  2-  and  4-aminodmitro- 
toluene  transformation  products. 

Maskarinec  et  al.  (1986)  investigated  the  use  of 
solid-phase  extraction,  not  only  as  a  method  of 
preconcentration  of  nitroorganics  from  water,  but 
also  as  a  means  for  storage/preservation  prior  to 
analysis.  In  their  study,  three  groundwaters  were 
fortified  with  a  set  of  nitroaromatics,  nitramines, 
and  nitrate  esters,  extracted  with  Porapak  R  (a 
styrene-divinylbenzene  copolymer  with  poly¬ 
vinylpyrrolidone)  and  held  for  periods  of  up  to  32 
weeks  prior  to  analysis.  The  authors  report  that 
the  resin-adsorbed  analytes  were  stable  for  at  least 
16  weeks.  The  analytical  precision  of  the  results 
for  TNT  in  particular  was  quite  poor,  however, 
and  drawing  firm  conclusions  from  these  data 
seems  risky.  Nevertheless,  the  use  of  solid-phase 
extraction  for  this  purpose  was  an  innovative  idea 
worthy  of  serious  consideration,  since  precon¬ 
centration  prior  to  determination  is  often  neces¬ 
sary  anyway  to  obtain  the  desired  detection  limits 
for  these  analytes  in  water. 

Recently  Maskarinec  et  al.  (1990)  reported  on 
the  use  of  acidification  to  pH  2  with  sodium  bisul¬ 
fate  as  a  method  of  preservation  for  volatile  or¬ 
ganics  in  water.  This  method  proved  very  effec¬ 
tive  at  extending  the  acceptable  analytical  hold¬ 
ing  times  for  aromatic  hydrocarbons  and  ketones, 
both  of  which  are  subject  to  microbiological  deg¬ 
radation.  Acidification  with  sodium  bisulfate  ap¬ 
pears  to  be  a  method  that  could  be  used  conve¬ 
niently  in  the  field  during  sample  collection. 

OBJECTIVE 

The  objective  of  the  studies  described  here  was 
to  evaluate  several  different  approaches  to  preser¬ 
vation  with  regard  to  their  effectiveness  in  main¬ 
taining  the  integrity  of  nitroaromatics  in  water 
samples  without  inducing  instability  in  nitramines. 


often  present  in  the  same  samples.  In  addition  to  ^ 
preserving  these  analytes  successfully  for  at  least 
seven  days  after  collection,  acceptable  techniques 
must  be  simple  and  inexpensive  to  implement, 
must  not  introduce  chemicals  that  increase  the 
cost  of  disposal,  and  must  be  compatible  with 
SW846  Method  8330  (ERA  1992).  Specifically, 
Method  8330  allows  two  analytical  sequences  de¬ 
pending  on  the  detection  limits  required.  If  detec¬ 
tion  limits  in  the  range  of  10-20  pg/L  are  adequate, 
a  direct  injection,  reversed-phase  high-perfor¬ 
mance  liquid  chromatographic  (RR-HRLC) 
method  is  used.  If  lower  detection  limits  are  re¬ 
quired,  water  samples  must  first  be  preconcen¬ 
trated  prior  to  analysis  by  RR-HRLC.  The  method 
currently  specified  in  Method  8330  is  salting-out 
solvent  extraction  with  acetonitrile,  but  the  use  of 
either  cartridge  or  membrane  solid-phase  extrac¬ 
tion  (SPE)  may  be  allowed  as  an  alternative  in  the 
future.  It  was  our  hope  to  develop  a  stabilization 
method  appropriate  for  samples  analyzed  by  any 
of  these  procedures. 

EVALUATION  OF 
ALTERNATIVES 

A  number  of  potential  options  for  preservation 
were  considered,  including  the  use  of  mercuric 
chloride,  sodium  azide,  chloroform,  sodium  thio¬ 
sulfate,  acetonitrile,  acetonitrile  with  acidification 
to  pH  3.5  using  acetic  acid,  and  acidification  to  pH 
2  using  sodium  bisulfate.  The  stabilization  proce¬ 
dures  that  we  decided  to  test  were  acidification  to 
pH  2  using  sodium  bisulfate  (Maskarinec  et  al. 
1990)  and  the  addition  of  acetonitrile  combined 
with  or  without  acidification  to  pH  3.5  with  acetic 
acid  (Miller  et  al.  1983).  The  use  of  acidification 
with  sodium  bisulfate  was  selected  because  it 
would  only  require  addition  of  a  preweighed 
amount  of  a  solid  material  to  each  water  sample 
and  could  be  easily  implemented  in  the  field.  It 
has  also  been  tested  for  its  effectiveness  with  other 
analytes  such  as  volatile  organics  in  water  and 
was  found  to  be  effective  at  preventing  biodegra¬ 
dation  of  aromatic  hydrocarbons  (Maskarinec  et 
al.  1990).  Acidification  with  sodium  bisulfate 
should  not  result  in  disposal  difficulties  for  re¬ 
sidual  samples  since  acidification  is  a  common 
laboratory  practice  for  sample  pretreatment  and 
is  also  often  used  for  cleaning  of  containers  and 
other  glassware.  Water  samples  at  pH  2  may  cause 
some  difficulties  in  either  the  direct  method  of 
analysis  or  the  two  alternative  preconcentration 
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schemes,  but  neutralization  prior  to  analysis  can 
be  performed  if  necessary. 

The  second  stabilization  method  selected  for 
evaluation  was  addition  of  acetonitrile  as  a  bio¬ 
cide  by  itself  or  in  combination  with  pH  adjust¬ 
ment  to  3.5  with  acetic  acid.  Miller  et  al.  (1983) 
tested  and  recommended  a  variation  of  this 
method.  Addition  of  acetonitrile  is  already  a  part 
of  the  salting-out  solvent  extraction  method  and 
hence  disposal  problems  should  not  be  increased. 
This  method  would  be  less  easily  implemented  in 
the  field,  however,  and  the  minimum  concentra¬ 
tion  of  acetonitrile  required  for  effective  preserva¬ 
tion  is  not  known. 


EXPERIMENTAL  MATERIALS 
Chemicals 

All  standards  and  test  solutions  were  prepared 
from  Standard  Analytical  Reference  Materials 
(SARMs)  obtained  from  the  U.S.  Army  Environ¬ 
mental  Center,  Aberdeen  Proving  Ground,  Mary¬ 
land.  Methanol  used  in  preparation  of  analytical 
standards  and  HPLC  eluent  was  HPLC  grade  from 
Baker.  HPLC  eluent  was  prepared  by  combining 
equal  volumes  of  methanol  and  water  and  vacuum 
filtering  through  a  0.45-|im  nylon  membrane  to 
degas  and  remove  particulate  matter.  Acetonitrile 
used  in  preparation  of  stock  standards  and  as  a 
chemical  preservative  was  HPLC-grade  from 
Baker.  Glacial  acetic  acid,  used  to  acidify  water 
samples,  was  reagent-grade  from  Baker.  Sodium 
bisulfate  (NaHS04),  used  as  a  preservative,  was 
obtained  from  Aldrich.  Humic  acid,  sodium  salt, 
was  technical-grade  from  Aldrich. 

Solid-phase  extraction  materials 

Prepacked  cartridges  of  Porapak  RDX  (Sep-Pak, 
6  cc,  500  mg)  were  obtained  from  Waters  Corpora¬ 
tion;  they  were  precleaned  by  eluting  with  15  mL 
of  acetonitrile  followed  by  30  mL  of  reagent-grade 
water.  Empore  SDB  extraction  membranes  (47  mm) 
were  obtained  from  3M  Corporation;  they  were 
precleaned  in  the  same  manner  as  the  Porapak 
cartridges.  Experimental  Empore  SDB-LS  (extra 
clean)  membranes  were  used  for  samples  from 
the  Naval  Surface  Warfare  Center;  they  were 
cleaned  as  described  above. 

Water  samples 

Blank  water  samples  were  either  reagent-grade 
water  from  a  Milli-Q  Type  I  water  system,  surface 
water  from  the  Connecticut  River  in  West  Leba¬ 


non,  New  Hampshire,  or  groundwater  samples 
from  Vershire  (PT),  Hartland  (TR),  or  Weathersfield 
(MW),  Vermont.  Groundwater  samples  were  ob¬ 
tained  in  duplicate  from  the  Naval  Surface  War¬ 
fare  Center  in  Crane,  Indiana.  One  sample  of  each 
duplicate  was  collected  in  a  bottle  containing  so¬ 
dium  bisulfate  such  that  the  solution  concentra¬ 
tion  was  1.5  g/L.  A  second  sample  of  each  dupli¬ 
cate  was  collected  without  acidification. 

Analyte  spiking 

All  analyte  spiking  solutions  were  prepared  in 
water.  SARMs  for  each  analyte  were  placed  in  in¬ 
dividual  brown  glass  jugs,  reagent-grade  water 
was  added,  and  the  contents  were  stirred  continu¬ 
ously  at  room  temperature  for  a  week.  The  solu¬ 
tions  were  then  filtered  through  0.45-|i.m  nylon 
membranes  into  clean,  brown  glass  jugs.  No  sol¬ 
vents  other  than  water  were  used  in  the  prepara¬ 
tion  of  these  solutions.  The  concentration  of  analyte 
in  each  aqueous  spike  solution  was  determined 
against  standards  prepared  in  methanol  or 
acetonitrile  and  diluted  1:1  with  reagent-grade 
water  prior  to  analysis  (EPA 1992). 

ANALYSIS 

All  water  samples  were  analyzed  by  RP-HPLC 
at  either  the  U.S.  Army  Cold  Regions  Research 
and  Engineering  Laboratory  (CRREL)  or  the  U.S. 
Army  Engineer  Waterways  Experiment  Station 
(WES).  At  CRREL,  analysis  was  conducted  on  a 
modular  system  composed  of  a  Spectra-Physics 
Model  SP8810  isocratic  HPLC  pump,  a  Spectra- 
Physics  SP8490  UV  variable-wavelength  detector 
set  at  254  nm  (cell  path  1  cm),  a  Spectra-Physics 
SP8875  autosampler  equipped  with  a  Rheodyne 
Model  7010  Sample  Loop  Injector  (100  jO-L),  a 
Hewlett  Packard  3376  digital  integrator,  and  a 
Linear  strip-chart  recorder.  At  WES,  primary 
analysis  was  conducted  using  a  Waters  Model 
600  system  controller.  Model  610  fluid  unit. 
Model  717  plus  Auto  Injector  set  for  a  50-|iL  in¬ 
jection,  a  486  UV  Variable  Wavelength  Detector 
set  at  245  nm,  and  a  Maxima  Chromatography 
Work  Station.  Confirmation  was  conducted  oh 
a  Waters  LC  Module  1  with  a  486  UV  Variable 
Wavelength  Detector  (245  nm),  a  717  plus  Auto 
Injector  (50  jiL),  and  a  Maxima  820  Chromatog¬ 
raphy  Work  Station. 

Depending  on  the  specific  test  conducted,  wa¬ 
ter  samples  were  either  analyzed  using  the  direct 
method  specified  in  SW846  Method  8330  (EPA 
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Table  1.  Retention  times  for  various  separations  used 
at  CRREL. 

Retention  time  (min) 


Analyte _ LC-18*  LC-CN* 


HMX 

2.4 

1.4 

RDX 

3.5 

7.3 

TNB 

4.6 

4.3 

DNB 

5.6 

4.4 

3,5-DNA 

6.1 

5.6 

tetryl 

6.2 

9.2 

NB 

6.6 

4.0 

TNT 

7.4 

5.2 

4ADNT 

8.0 

6.0 

2ADNT 

8.4 

6.4 

2,6-DNT 

8.8 

4.9 

2,4-DNT 

8.9 

5.2 

2NT 

0.6 

4.5 

4NT 

1.8 

4.7 

3NT 

2.4 

4.8 

tetryl  breakdown  product 

4.6 

8.1 

2-amino-4-mtrotoluene 

5.6 

4.2 

3-nitroaniline 

4.2 

3.8 

2,4-diamino-6-nitrotoluene 

4.0 

6.3 

2,6-diamino-4“nitrotoluene 

2.1 

4.8 

4-amino-2-nitrotoluene 

8.1 

4.3 

^Separations  were  conducted  at  1.5  mL/min  with  an  eluent 
of  1:1  methanol /water. 


1992)  or  were  preconcentrated  using  either  salt¬ 
ing-out  solvent  extraction  (SOE),  cartridge  solid- 
phase  extraction  (SPE-C),  or  membrane  solid- 
phase  extraction  (SPE-M)  (Jenkins  et  al.  1992). 

Primary  analysis  was  conducted  on  a  25-cm  x 
4.6-mm  (S-pm)  LC-18  column  (Supelco)  eluted 
with  1:1  methanol/water  (v/v)  at  1.5  mL/min  at 
CRREL  or  1.2  mL/min  at  WES  (EPA  1992^  At 
CRREL,  samples  were  introduced  by  overfilling  a 
100-pL  sampling  loop.  At  WES,  50-pL  samples 
were  introduced  using  a  200-pL  loop.  Retention 
times  of  the  analytes  of  interest  are  shown  in  Tables 
1  and  2  for  analyses  conducted  at  CRREL  and 
WES,  respectively.  Concentration  estimates  were 
obtained  for  most  analytes  from  peak  heights  from 
the  digital  integrator.  In  some  instances,  particu¬ 
larly  for  samples  preconcentrated  using  Porapak 
RDX  SPE  cartridges,  better  quantitative  results 
were  obtained  using  peak  areas.  At  CRREL,  the 
identities  of  transformation  products  were  con¬ 
firmed  by  analysis  of  some  of  the  samples  on  LC- 
CN,  using  a  25-cm  x  4.6-mm  (5-pm)  LC-CN  col¬ 
umn  from  Supelco  eluted  with  1:1  methanol/ wa¬ 
ter  (v/v)  at  1.5  mL/min  (EPA  1992).  At  WES,  con¬ 
firmation  of  analyte  identities  as  well  as  quantita¬ 
tive  results  for  2ADNT  and  4ADNT  were  obtained 
on  an  LC-CN  column  (Supelco)  eluted  with  1:1 
methanol/ water  at  1.2  mL/min. 


Table  2.  Retention  times  for  vari¬ 
ous  separations  used  at  WES. 

Retention  time  (min) 


Analyte _ LC-18*  LC-CN* 


HMX 

0.3 

13.0 

RDX 

0.1 

8.3 

TNB 

0.7 

5.2 

DNB 

0.3 

5.2 

3,5-DNA 

9.2 

6.6 

NB 

9.8 

4.6 

TNT 

1.2 

6.3 

4ADNT 

2.4 

6.9 

2ADNT 

2.4 

7.4 

2,6-DNT 

3.3 

5.8 

2,4-DNT 

3.6 

6.1 

^Separations  were  conducted  at  1.2 
mL/min  with  an  eluent  of  1:1  metha¬ 
nol/water. 


EXPERIMENTAL  DESIGN 
AND  RESULTS 

Selection  of  initial  test  matrix 

In  a  previous  study  (Grant  et  al.  1993),  the 
preextraction  holding  times  for  nitroaromatics  and 
nitramines  in  water  were  evaluated  using  three 
sample  matrices:  reagent-grade  water,  groundwa¬ 
ter  from  Enfield,  New  Hampshire,  and  surface 
water  from  the  Connecticut  River  in  West  Leba¬ 
non,  New  Hampshire.  Of  these,  the  most  rapid 
rate  of  analyte  transformation  occurred  in  the  Con¬ 
necticut  River  water.  After  only  seven  days  of  re¬ 
frigerator  storage  of  Connecticut  River  water  for¬ 
tified  with  TNB  and  TNT,  only  45%  of  the  initially 
fortified  TNB  and  70%  of  the  initially  fortified  TNT 
remained.  The  expected  microbiological  transfor¬ 
mation  products,  3,5-DNAfrom  TNB  and  2ADNT 
and  4ADNT  from  TNT  (Won  et  al.  1974,  McCor¬ 
mick  et  al.  1976),  appeared  as  the  concentrations 
of  TNB  and  TNT  decreased  with  time.  Thus,  forti¬ 
fied  Connecticut  River  water  appears  to  be  a  good 
choice  as  a  test  matrix  for  evaluation  of  alternative 
preservation  techniques. 

To  ensure  that  Connecticut  River  water  in  the 
vicinity  of  West  Lebanon,  New  Hampshire,  could 
be  relied  upon  to  be  degradative  for  nitroaromatics, 
a  short  holding-time  study  was  conducted  in  a 
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manner  similar  to  that  described  by  Grant  et  al. 
(1993).  Since  TNB  was  the  least  stable  analyte  in 
the  earlier  study,  it  was  selected  as  the  test  analyte 
and  was  fortified  at  50  ^ig/L.  Results  indicated 
that  after  three  days'  storage  at  room  tempera¬ 
ture,  the  concentration  of  TNB  was  reduced  by 
80%  and  a  buildup  of  3,5-DNAhad  occurred.  Thus, 
as  observed  previously,  fortified  Connecticut  River 
water  should  be  an  excellent  test  matrix  for  the 
assessment  of  various  stabilization  techniques. 

Preliminary  evaluation  of  sodium 
bisulfate  and  percentages  of  acetonitrile 
necessary  to  stabilize  samples 

Connecticut  River  water  was  fortified  with 
RDX,  TNB,  and  TNT  at  42,  26,  and  41  pg/L,  re¬ 
spectively.  One  subsample  of  the  fortified  water 
was  stored  under  refrigeration  without  addition 
of  any  chemical  preservative,  and  this  sample 
served  as  the  control  sample  forjudging  the  effec¬ 
tiveness  of  the  various  chemical  stabilization  pro¬ 
cedures  examined.  The  water  was  analyzed  at  day 
0, 4,  8,  20,  and  34.  A  second  subsample  was  acidi¬ 
fied  to  pH  3.5  with  acetic  acid  and  stored  over  the 
same  period  under  refrigeration.  Acetonitrile 
(ACN)  was  added  to  14  subsamples  in  the  appro¬ 
priate  amounts  to  achieve  acetonitrile  concentra¬ 
tions  in  duplicate  at  0.1,  0.5,  1.0,  2.5,  5.0,  7.5,  and 
10.0%  (v/v).  One  subsample  at  each  acetonitrile 
concentration  was  acidified  to  pH  3.5  with  acetic 


acid,  and  the  pH  of  the  remaining  subsample  at 
each  ACN  concentration  was  left  unmodified. 
These  14  samples  were  stored  and  analyzed  as 
described  above.  A  final  subsample  of  the  forti¬ 
fied  Connecticut  River  water  was  acidified  to  pH 
2.0  with  sodium  bisulfate  and  held  under  refrig¬ 
eration  for  30  days.  This  sample  was  analyzed  in 
the  same  manner  as  described  above  after  0,  4,  8, 
16,  and  30  days  of  storage. 

Analytical  results  for  the  control  sample  agreed 
with  those  presented  in  Grant  et  al.  (1993)  for 
nitroaromatic  and  nitramine  fortified  Connecticut 
River  water.  The  rate  of  loss  of  TNB  was  found  to 
be  very  rapid  (Fig.  1),  the  rate  of  loss  of  TNT  was 
somewhat  slower,  and  there  was  no  evidence  for 
loss  of  RDX.  After  only  four  days,  the  concentra¬ 
tion  of  TNB  in  the  unacidified  control  sample  was 
reduced  from  26.0  |ig/L  to  8.3  |ig/L.  The  concen¬ 
tration  of  3,5-DNA,  the  associated,  relatively  stable 
transformation  product,  increased  as  the  TNB  was 
lost,  with  a  maximum  concentration  of  6.1  pg/L 
at  20  days  (Fig.  2).  The  rate  of  loss  of  TNB  was 
reduced  by  acidification  to  pH  3.5  with  acetic  acid 
(Fig.  1),  and  3,5-DNA  was  not  detected  in  this 
sample  until  day  20.  By  day  34,  however,  the  TNB 
concentration  had  been  reduced  to  2.7  |ig/L,  which 
is  about  a  90%  reduction  in  concentration  relative 
to  day  0,  and  the  3,5-DNA  concentration  was  about 
10  |Xg/L.  This  3,5-DNA  concentration  was  higher 
than  that  determined  for  the  unpreserved  sample 


Figure  1.  Stability  of  TNB  in  samples  acidified  to  pH2,  pH  3.5,  and  left 
unacidified. 
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Figure  2.  Concentration  of3,5-DNAfor  samples  acidified  to  pH  2,  pH  3.5, 
and  left  unacidified. 


Figure  3.  Stability  ofTNB  as  a  function  of  the  acetonitrile  concentration 
for  unacidified  samples. 


at  day  20  and  probably  indicates  that  acidification 
to  pH  3.5  is  having  a  greater  effect  on  the  destruc¬ 
tive  mechanism  for  3,5-DNA  than  on  the  mecha¬ 
nism  of  production.  Acidification  to  pH  2  with 
sodium  bisulfate,  however,  was  very  effective  in 
preserving  the  TNB  concentration  over  the  entire 
30-day  period  (Fig.  1),  and  no  detectable  concen¬ 
tration  of  3,5-DNA  was  observed.  The  small  in¬ 
crease  in  TNB  concentration  with  time  is  attrib¬ 
uted  to  day-to-day  calibration  error. 

The  effects  of  the  addition  of  ACN  for  preser¬ 


vation  depended  on  the  ACN  concentration  used. 
For  concentrations  at  or  below  5.0%,  increasing 
losses  of  TNB  were  found  as  a  function  of  storage 
time  (Fig.  3).  For  all  of  these  samples,  the  loss  of 
TNB  was  accompanied  by  an  increase  in  the  con¬ 
centration  of  3,5-DNA.  For  ACN  concentrations 
below  5.0%,  the  rate  of  loss  of  TNB  was  inversely 
related  to  ACN  concentration.  The  fastest  rate  of 
loss  was  observed  for  the  control  (no  addition  of 
ACN).  No  loss  of  TNB,  or  observable  3,5-DNA, 
were  found  for  samples  containing  concentrations 
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Figure  4.  Stability  ofTNB  as  a  function  of  the  acetonitrile  concentration 
for  samples  also  acidified  to  pH  3.5. 


Figure  5,  Stability  of  TNT  in  samples  acidified  to  pH2,  pH  3.5,  and  left 
unacidified. 


of  ACN  of  7.5%  (Fig.  3)  or  10%  (not  shown),  which 
appeared  to  be  as  effective  as  acidification  to  pH  2 
for  TNB  stabilization  in  this  matrix. 

The  concentration  at  which  ACN  was  effective 
in  retarding  TNB  loss  was  reduced  when  the 
samples  were  also  acidified  to  pH  3.5  with  acetic 
acid  (Fig.  4).  For  this  combination,  no  observable 
TNB  loss  or  increase  in  3,5-DNA  concentration 
was  found  for  samples  containing  ACN  concen¬ 
trations  of  2.5%  or  higher.  For  samples  containing 
1.0%,  0.5%,  and  0.1%  ACN,  TNB  concentrations  at 


34  days  were  7.6  |xg/L,  6.3  |ULg/L,  and  <d,  respec¬ 
tively.  Acidification  did  reduce  the  rate  of  loss  of 
TNB  relative  to  samples  containing  the  same  per¬ 
cent  ACN  but  without  acidification  (Fig.  3  and  4). 

The  effects  of  the  various  chemical  treatments 
were  very  similar  for  TNT,  except  the  rates  of 
change  were  reduced  in  all  cases.  For  example, 
after  four  days,  the  TNT  concentration  in  the  con¬ 
trol  sample  was  reduced  from  41.3  |ig/L  to  26.5 
|ig/L  for  a  reduction  of  about  36%  (Fig.  5).  For 
TNB  over  the  same  period,  the  reduction  was  about 
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Figure  6.  Production  ofZADNT  in  samples  acidified  to  pH  2,  pH  3.5,  or 
left  unacidified. 


68%.  Acidification  to  pH  3.5  with  acetic  acid  re¬ 
sulted  in  increased  stability  of  TNT  relative  to  TNB 
with  the  concentration  at  day  34  of  32.6  |xg/L  (Fig. 

5) .  No  loss  of  TNT  was  observed  for  the  sample 
acidified  to  pH  2  with  sodium  bisulfate  over  the 
entire  30-day  storage  period.  As  with  TNB,  the 
loss  of  TNT  was  accompanied  by  the  production 
of  the  monoamino  transformation  products  (Fig. 

6) .  The  effects  of  storage  with  various  levels  of 
ACN,  with  and  without  acidification  to  pH  3.5, 
were  similar  to  that  described  above  for  TNB. 
Overall,  the  three  storage  conditions  that  were 
successful  in  preserving  TNB  were  also  successful 
in  preserving  TNT.  As  discussed  above,  RDX  was 
stable  in  the  control  sample  and  was  unaffected 
by  any  of  the  chemical  preservatives  tested. 

Thus,  of  the  various  stabilization  techniques 
investigated  in  this  initial  study,  three  appeared  to 
be  quite  successful: 

(1)  acidification  to  pH  2  with  sodium  bisul¬ 
fate, 

(2)  acidification  to  pH  3.5  with  addition  of  ACN 
to  a  concentration  of  2.5%  or  greater,  and 

(3)  addition  of  ACN  without  acidification  to 
achieve  a  concentration  of  7.5%  or  greater. 

In  all  cases  examined,  TNB,  TNT,  and  RDX  were 
stable  for  at  least  30  days  when  samples  were  pre¬ 
served  using  these  three  techniques.  Without 
preservation,  TNB  and  TNT  were  unstable  in  these 
matrices. 

Further  evaluation  of  successful 
methods  of  preservation 

To  further  evaluate  these  options,  the  stability 
of  several  other  SW846  8330  target  analytes  were 
evaluated  over  a  31-day  period.  The  test  was  con¬ 
ducted  using  fortified  Connecticut  River  water  in 


a  manner  similar  to  that  discussed 
above,  except  the  analytes  tested 
were  tetryl,  2ADNT,  4ADNT,  and 
3,5-DNA,  an  analyte  recommended 
for  inclusion  in  Method  8330  (Walsh 
et  al.  1993).  Tetryl  was  chosen  be¬ 
cause  it  had  been  demonstrated  to 
be  unstable  with  regard  to  both  re¬ 
duction  and  hydrolysis  when  held 
in  a  soil  matrix  for  very  short  peri¬ 
ods  (Jenkins  1994).  The  three  amino 
compounds  were  selected  because 
of  the  potential  for  protenation  at 
the  low  pH  used  in  two  of  the  pres¬ 
ervation  techniques,  which  could 
affect  their  long-term  stability. 

The  results  for  tetryl  were  similar 
to  that  reported  earlier  for  TNB.  The  concentra¬ 
tion  of  tetryl  rapidly  declined  in  the  unpreserved 
control  such  that  after  seven  days  only  about  50% 
remained  (Fig.  7).  The  loss  of  tetryl  was  accompa¬ 
nied  by  the  production  of  a  transformation  prod¬ 
uct  that  eluted  about  1.6  min  prior  to  tetryl  (4.6 
min  vs.  6.2  min  for  tetryl).  This  transformation 
product  was  noted  in  the  tetryl  soil  holding-time 
study  discussed  above,  but  the  compound  was 
not  identified.  Acidification  to  pH  2  and  acidifica¬ 
tion  to  pH  3,5  with  an  acetonitrile  concentration 
of  2.5%  were  very  successful  in  stabilizing  tetryl 
over  the  entire  31-day  study.  Stabilization  using 
an  acetonitrile  concentration  of  7.5%  without  acidi¬ 
fication  appeared  to  be  a  slightly  less  effective  pre¬ 
servative,  although  no  transformation  products 
were  observed  even  after  31  days  of  storage.  The 
small  differences  in  concentration  for  the  three 
preservatives  shown  in  Figure  7  could  be  a  result 
of  poor  quantitation  due  to  the  development  of  a 
noisy  baseline  as  the  samples  aged.  This  appears 
to  be  due  to  long-term  storage  of  samples  contain¬ 
ing  acetonitrile. 

The  results  for  3,5-DNA  were  quite  different 
from  the  results  with  tetryl.  For  the  unpreserved 
control,  the  concentration  only  declined  from  57 
pg/L  to  41  |ag/L  after  31  days.  Concentrations  of 
3,5-DNA  in  the  samples  stabilized  using  the  three 
different  preservatives  did  not  appear  to  be  sub¬ 
stantially  different  from  one  another.  For  the 
2ADNT  and  4ADNT,  no  apparent  losses  of  these 
two  compounds  were  observed  with  the  unpre¬ 
served  control  sample  held  for  31  days.  There  ap¬ 
peared  to  be  a  slightly  lower  recovery  of  both  com¬ 
pounds  for  the  sample  preserved  at  pH  2  using 
sodium  bisulfate.  This  result  was  obtained  using 
the  direct-injection  RP-HPLC  method  without  neu- 
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Figure  7.  Stability  oftetryl  in  samples  preserved  at  pH  2,  pH  3.5,  with 
2.5%  acetonitrile,  and  with  7.5%  acetonitrile. 


tralization.  Low  recovery  could  be  due  to  some 
protenation  of  the  amines  at  pH  2,  although  pKa 
values  for  2 ADNT  and  4ADNT  have  been  reported 
as  0.59  and  1.23,  respectively  (Glover  et  al.  1977), 
indicating  that  most  of  both  compounds  should 
exist  in  the  nonionized  amino  form  at  pH  2.  Over¬ 
all,  the  three  stabilization  techniques  appear  to  be 
quite  adequate  in  preserving  these  four  analytes. 

Evaluation  of 

selected  preservatives  on 

EPA  Method  8330  determination 

Effects  on  preconcentration  methods 

The  next  phase  of  this  study  was  to  evaluate 
the  effects  these  three  potential  stabilization  tech¬ 
niques  have  on  the  most  commonly  used  analyti¬ 
cal  method  for  nitroaromatics  and  nitramines, 
SW846  Method  8330.  The  following  experiment 
was  conducted  to  determine  the  effects  of  these 
preservatives  on  the  extraction/ preconcentration 
procedures  used  for  low-level  determination. 

A  solution  was  prepared  containing  HMX, 
RDX,  TNB,  DNB,  3,5-DNA,  TNT,  2ADNT,  and  2,4- 
DNT  in  reagent-grade  water  at  concentrations 
ranging  from  10.7  to  12.2  |Lig/L.  The  solution  was 
divided  into  four  portions;  three  were  preserved 
as  described  above,  and  the  fourth  was  left 
unpreserved  to  serve  as  a  control  for  comparison 
of  analytical  results.  Aliquots  of  each  portion  were 
immediately  preconcentrated  using  salting-out 
solvent  extraction  with  acetonitrile,  cartridge  solid- 


phase  extraction  (SPE)  using  Por- 
apak  RDX,  and  membrane  SPE  us¬ 
ing  Empore  SDB  membranes,  ac¬ 
cording  to  the  methods  described  in 
detail  in  Jenkins  et  al.  (1994).  The 
resulting  extracts  were  analyzed  us¬ 
ing  RP-HPLC  as  specified  in  Method 
8330,  and  percent  recoveries  were 
calculated  vs.  initial  spiked  concen¬ 
trations  (Table  3).  As  you  will  note, 
the  results  for  the  membrane  SPE 
method  for  the  solution  preserved 
with  7.5%  ACN  indicated  that  re¬ 
coveries  of  the  analytes  ranged  from 
only  3%  for  HMX  and  RDX  to  45% 
for  2,4-DNT.  Since  these  recoveries 
are  unacceptably  low,  no  additional 
experiments  were  conducted  using 
this  preservative. 

Results  for  the  SOE  procedure, 
when  samples  were  acidified  to  pH 
2,  indicated  that  low  recovery  was 
obtained  for  the  two  amino-containing  analytes, 
3,5-DNA  (35%)  and  2ADNT  (54%).  These  results 
are  consistent  with  some  protenation  of  these  com¬ 
pounds  to  form  the  corresponding  ammonium 
cations,  which  would  not  be  expected  to  partition 
favorably  into  the  salted-out  acetonitrile.  A  fur¬ 
ther  test  of  the  SOE  procedure  was  conducted 
when  the  initially  pH-2-preserved  solution  was 
neutralized  with  aqueous  KOH  to  pH  6.6  before 
extraction.  The  recovery  of  3,5-DNA  and  2ADNT 
improves  to  100  and  97%,  respectively,  after  neu¬ 
tralization  (Table  3).  No  problems  were  encoun¬ 
tered  with  the  pH-2-preserved  solution  with  ei¬ 
ther  the  cartridge  or  membrane  SPE  methods, 
where  recovery  of  the  amino-containing  com¬ 
pounds  appears  to  be  unaffected  by  the  low  pH. 
Recovery  of  HMX  using  the  SDB  membrane 
method,  however,  is  low  for  both  preserved  solu¬ 
tions  and  the  unpreserved  solution,  as  was  ob¬ 
served  in  our  earlier  study  (Jenkins  et  al.  1992, 
1994).  An  apparent  high  recovery  of  RDX  was 
found  for  the  cartridge  SPE  method  for  all  three 
solutions.  This  again  had  been  observed  previ¬ 
ously;  part  of  the  problem  appears  to  be  due  to  a 
narrowing  of  the  peak  width  for  RDX  for  cartridge 
SPE  extracts  compared  with  the  unextracted  stan¬ 
dards  used  for  establishing  response  factors.  All 
three  extraction  methods  appear,  to  give  good  re¬ 
covery  for  the  portion  of  solution  preserved  with 
2.5%  ACN  at  pH  3.5. 

These  results  indicate  that  acidification  using 
sodium  bisulfate  to  pH  2  or  addition  of  ACN  to 
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Table  3.  Recovery  of  target  analytes  from  fortified  Milli-Q  water  preserved  with  either 
sodium  bisulfate  (pH  2),  2.5%  acetonitrile  at  pH  3.5,  or  7.5%  acetonitrile  without  pH  adjust¬ 
ment  using  SOE,  SPE-C,  and  SPE-M. 


Analyte  (%  recovery) 


Treatment/preservation 

HMX 

RDX 

TNB 

DNB 

3,5-DNA 

TNT 

2ADNT 

24-DNT 

SOB* 

control 

100 

112 

102 

•  102 

106 

107 

104 

100 

pH  2 

90 

93 

93 

104 

35 

93 

54 

101 

pH  2(neutralized) 

95 

103 

96 

96 

100 

95 

97 

93 

2.5%  ACN 

5 

103 

96 

95 

98 

96 

102 

98 

SPE-C* 

control 

06 

132 

107 

114 

112 

106 

110 

104 

pH  2 

05 

138 

104 

110 

112 

92 

106 

92 

2.5%  ACN 

03 

126 

101 

111 

126 

109 

120 

110 

SPE-M* 

control 

1 

102 

98 

101 

106 

91 

98 

89 

pH  2 

2 

106 

103 

107 

112 

96 

104 

94 

2.5%  ACN 

9 

76 

103 

108 

114 

96 

105 

96 

7.5%  ACN 

3 

3 

11 

14 

19 

40 

40 

45 

*  SOE  -  salting-out  solvent  extraction 

SPE-C  -  cartridge  solid-phase  extraction  (Porapak  RDX) 

SPE-M  -  membrane  solid-phase  extraction  (Empore-SDVB) 


achieve  a  2.5%  solution  along  with  acidification 
to  pH  3.5  do  not  cause  major  analytical  prob¬ 
lems  for  Method  8330.  Neutralization  will  be  re¬ 
quired  if  SOE  is  used  for  preconcentration  of  pH- 
2-preserved  samples,  but  this  is  not  difficult  to 
achieve  and  the  pH  need  only  be  raised  to  3.5  to 
enable  complete  recovery  of  the  amino  com¬ 
pounds. 

Effects  on  the  direct  method 

To  assess  the  effects  of  acidification  to  pH  2 
with  sodium  bisulfate  on  the  direct  analysis  pro¬ 
cedure  of  Method  8330,  a  sample  of  Connecticut 
River  water  was  divided  into  four  portions  and 
fortified  with  the  15  target  analytes  in  the  four 
groups  indicated  in  Table  4.  Each  of  these  four 
solutions  was  then  divided  into  two  aliquots;  one 
aliquot  was  acidified  to  pH  2  with  sodium  bisul¬ 
fate  and  the  other  was  left  unacidified.  Six  repli¬ 
cate  portions  of  each  solution  were  then  processed 
as  described  in  Method  8330  except  that  samples 
were  diluted  1:1  with  methanol  rather  than  ace¬ 
tonitrile  and  analyzed  by  RP-HPLC  (EPA  1992). 
The  decision  to  use  methanol  rather  than  aceton¬ 
itrile  was  made  to  matrix-match  the  sample  and 
eluent  to  improve  the  quality  of  the  chromato¬ 
grams  near  the  regions  where  HMX  and  RDX  elute. 

The  mean  value  and  standard  deviation  deter¬ 
mined  for  each  analyte  in  the  preserved  and 
unpreserved  solutions  are  presented  in  Table  5. 
An  F-test  was  conducted  to  compare  the  variances 
for  acidified  and  unacidified  portions  for  each 


Table  4.  Concentrations  of  various  analytes  forti¬ 
fied  into  Connecticut  River  water  for  replicate 
study. 


Fortified  Connecticut  River 
concentration  (jJ^g/L) 


Group 

Analyte 

X 

± 

S 

1 

DNB 

39.9 

± 

0.52 

tetryl 

41.2 

± 

0.58 

4ADNT 

57.2 

± 

0.42 

3NT 

59.9 

± 

1.95 

2 

HMX 

64.6 

+ 

1.33 

RDX 

100.5 

± 

0.94 

TNB 

52.7 

± 

0.85 

TNT 

91.4 

± 

0.37 

24-DNT 

69.7 

± 

0.38 

2NT 

74.4 

± 

0.69 

3 

3,5-DNA 

59.5 

i 

0.32 

2ADNT 

79.5 

± 

1.03 

4NT 

178.4 

± 

0.96 

4 

NB 

43.6 

+ 

0.48 

2,6-DNT 

99.2 

± 

1.34 

*  X  =  mean;  S  =  standard  deviation 

analyte  to  assess  whether  acidification  affected  the 
analytical  precision  obtained  for  the  acidified  so¬ 
lution  relative  to  the  unacidified  control.  For  all 
analytes,  except  TNT  and  2ADNT,  the  variances 
obtained  were  not  significantly  different  at  the 
95%  confidence  level.  Thus,  for  these  analytes,  no 
detrimental  effect  on  analytical  precision  was 
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Table  5.  Results  of  direct  analysis  of  preserved  (pH  2)  and 
unpreserved  Connecticut  River  water  (six  replicates  each)  us¬ 
ing  the  direct  analysis  procedure  of  SW846  Method  8330. 


Preserved 


Analyte 

(pH  2) 

X 

S 

t* 

HMX 

No 

64.6 

0.33 

2.55 

0.82 

Yes 

66.2 

0.83 

RDX 

No 

00.5 

0.94 

1.89 

1.20 

Yes 

02.8 

1.30 

TNB 

No 

52.7 

0.63 

2.77 

0.55 

Yes 

53.4 

0.97 

DNB 

No 

39.9 

0.52 

4.98 

0.03 

Yes 

39.9 

0.23 

3,5-DNA 

No 

59.5 

0.32 

4.49 

3.04 

Yes 

58.2 

0.15 

• 

tetryl 

No 

41.2 

0.58 

2.28 

0.61 

Yes 

40.4 

0.87 

NB 

No 

43.6 

0.48 

1.74 

0.40 

Yes 

43.2 

0.63 

TNT 

No 

91.4 

0.37 

31.8 

1.61t 

Yes 

92.9 

2.05 

4ADNT 

No 

57.2 

0.42 

4.14 

0.21 

Yes 

57.4 

0.86 

2ADNT 

No 

79.5 

0.02 

5.68 

3.43+t 

Yes 

77.8 

0.43 

2,6-DNT 

No 

99.2 

0.34 

2.40 

0.65 

Yes 

97.2 

2.08 

2,4-DNT 

No 

69.7 

0.38 

2.39 

0.29 

Yes 

69.9 

0.59 

2NT 

No 

74.4 

0.69 

2.12 

0.21 

Yes 

74.1 

1.01 

4NT 

No 

78.4 

0.97 

3.17 

0.80 

Yes 

76.5 

1.73 

3NT 

No 

59.9 

0.95 

3.37 

0.06 

Yes 

60.1 

1.06 

X  ~  mean;  S  =  standard  deviation 

*  Critical  values  for  F  and  t  at  the  95%  confidence  level  are  5.05  and 
2.23,  respectively. 

+  Critical  value  for  t  is  2.78  (rf./.  =  5),  thus  the  t  value  for  TNT  is  not 
significant  at  the  95%  confidence  level, 
ft  Critical  value  for  t  is  2.37  {d.f.  -  7),  thus  the  t  value  for  2ADNT  is 
significant  at  the  95%  confidence  level. 


found  due  to  acidification.  For  2ADNT,  the  F  ratio 
vv^as  only  5.68,  compared  with  a  critical  value  of 
5.05,  and  this  marginally  significant  value  may  be 
a  result  of  the  unusually  good  precision  obtained 
for  this  experiment.  For  TNT,  the  cause  of  the  sig¬ 
nificant  F  ratio  was  traced  to  a  small  and  variable 
coeluting  peak  in  the  chromatogram  obtained  for 
the  acidified  Connecticut  River  water.  This  peak 
was  not  found  in  the  unacidified  water,  nor  was  it 
found  in  the  methanol  or  the  sodium  bisulfate. 
Subsequently  this  interference  was  found  to  be 
due  to  the  use  of  a  disposable  syringe  containing  a 
rubber-tipped  plunger  for  sample  filtration  prior 
to  RP-HPLC  analysis.  This  interference  is  only  pro¬ 
duced  with  acidified  samples,  and  the  degree  of 
interference  increases  with  time  as  samples  are 


held  prior  to  analysis.  Since  various  samples 
are  analyzed  at  different  times  after  filtra¬ 
tion,  the  size  of  this  interference  varies  from 
analysis  to  analysis.  We  did  not  fully  appre¬ 
ciate  or  understand  the  significance  of  this 
problem  until  after  nearly  all  of  the  experi¬ 
mental  work  in  this  report  was  completed, 
including  the  evaluation  using  explosives- 
contaminated  groundwater  samples.  This 
interference  can  be  eliminated  by  the  use  of 
disposable  plastic  syringes  that  do  not  have 
a  rubber-tipped  plunger.  This  interference 
will  be  discussed  again  in  a  later  section  on 
the  results  of  acidification  on  field-contami¬ 
nated  groundwaters  from  the  Naval  Sur¬ 
face  Warfare  Center. 

Since  variances,  except  for  TNT  and 
2ADNT,  were  not  significantly  different,  fur¬ 
ther  analysis  of  these  results  was  conducted 
by  pooling  the  variances  obtained  for  the 
acidified  and  imacidified  samples  for  a  given 
analyte  and  performing  a  t  test  to  assess 
whether  the  mean  values  obtained  for  the 
acidified  and  unacidified  solutions  were  sta¬ 
tistically  different.  Since  the  variances  were 
significantly  different  for  TNT  and  2ADNT, 
variances  were  not  pooled  and  t  values  were 
calculated  using  the  approach  presented  in 
Miller  and  Miller  (1984).  Except  for  2ADNT 
and  3,5-DNA,  means  of  acidified  and 
unacidified  samples  were  found  to  be  "'not 
significantly  different"  at  the  95%  confidence 
level.  Thus,  for  these  13  analytes,  there  is  no 
indication  of  a  measurable  effect  on  the  ac¬ 
curacy  of  the  direct  analysis  method  under 
Method  8330  due  to  acidification  of  samples 
to  pH  2.  The  significant  differences  in  means 
for  the  2ADNT  and  3,5-DNA  were  not  sur¬ 
prising  in  light  of  the  problems  discussed  above 
for  the  amino  compoimds  and  others  to  be  pre¬ 
sented  later.  Nevertheless,  these  differences  are 
too  small  to  be  of  practical  significance. 

Holding-time  study  using 
pH  2  stabilization  for 
fortified  river  water 

Based  on  the  results  above,  acidification  to  pH 
2  with  sodium  bisulfate  was  selected  as  the  option 
with  the  greatest  potential  for  conveniently  stabi¬ 
lizing  waters  containing  nitroaromatics  and 
nitramines.  To  evaluate  this  procedure  more  thor¬ 
oughly,  a  replicated  holding-time  study  was  con¬ 
ducted  using  all  15  target  analytes  (14  current 
SW846  Method  8330  target  analytes  plus  3,5-DNA). 
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Connecticut  River  water  was  selected  as  the  prin¬ 
cipal  test  matrix  based  on  the  results  discussed 
above.  The  analytes  were  divided  into  four  groups 
as  described  above  (Table  4).  The  river  water  was 
fortified  at  concentrations  ranging  from  50  to  150 
|ig/L  and  divided  into  two  portions.  The  first  por¬ 
tion  was  divided  into  11  subsamples  and  stored  in 
22-mL  glass  vials.  These  samples  served  as  con¬ 
trol  samples  to  assess  analyte  losses  without  pres¬ 
ervation.  The  second  portion  was  acidified  to  pH 
2.0  by  addition  of  sodium  bisulfate  (1.5  g/L)  and 
was  also  divided  into  11  subsamples.  On  day  0 
(about  4-16  hours  after  preparation),  six  replicates 
each  of  the  control  and  preserved  samples  were 
analyzed  to  establish  initial  concentrations  for  later 
comparison.  The  remaining  samples  of  control  and 
preserved  water  were  held  under  refrigeration  in 
the  dark  for  up  to  64  days.  One  replicate  sample  of 
the  control  and  acidified  water  was  analyzed  in 
triplicate  on  days  3,  7, 14,  28,  and  64  (Table  6). 


The  behavior  of  the  15  analytes  in  this  study 
varied  significantly,  falling  into  four  different 
groups.  In  the  first  group,  analyte  concentrations 
appeared  to  be  stable  with  or  without  acidifica¬ 
tion  over  the  entire  64-day  period.  This  group  in¬ 
cluded  HMX  and  RDX  (Fig.  8),  and  their  behavior 
is  consistent  with  the  results  of  our  earlier  study 
(Grant  et  al.  1993)  and  that  of  Maskarinec  et  al. 
(1991). 

For  the  second  group,  the  concentrations  in  the 
acidified  samples  remained  stable  for  at  least  28 
days  (and  for  all  but  tetryl  for  64  days),  but  con¬ 
centrations  in  the  unacidified  samples  declined  at 
variable  rates  over  the  entire  period.  This  group 
includes  tetryl,  TNB,  TNT,  1,3-dinitrobenzene 
(DNB),  2,6-DNT,  and  2,4-DNT  in  decreasing  order 
of  the  rate  of  concentration  decline  (Table  6,  Fig. 
9).  The  difference  in  stability  of  these  analytes  for 
acidified  and  unacidified  samples  is  clearly  shown 
in  the  chromatograms  for  fortification  groups  1 


Table  6.  Results  of  holding-time  study  using  fortified  Connecticut  River  water. 


Concentration  ( X  ±S) 

Preserved  _ (pg/^^) _ 


Analyte 

(pH  2.0) 

DayO 

Day  3 

Day? 

Day  14 

Day  28 

Day  64 

HMX 

No 

64.6  ±1.33 

66.1  ±0.58 

67.1  ±0.79 

65.8  ±1.92 

66.3  ±0.86 

63.1  ±0.28 

Yes 

66.2  ±0.83 

64.3  ±2.85 

62.2  ±0.94 

64.2  ±0.86 

63.3  ±0.34 

59.5  ±0.48 

RDX 

No 

100.5  ±0.9 

97.1  ±1.0 

97.0  ±0.6 

98.9  ±2.9 

100.5  ±0.7 

97.0  ±0.38 

Yes 

102.8  ±1.3 

100.9  ±1.9 

97.3  ±0.97 

100.7  ±0.17 

99.7  ±1.86 

97.6  ±0.63 

tetryl 

No 

41.2  ±0.58 

10.3  ±0.44 

11.0  ±0.33 

<d 

<d 

<d 

Yes 

40.4  ±0.87 

41.8  ±0.76 

42.4  ±0.37 

41.7  ±0.90 

41.2  ±0.58 

32.5  ±5.10 

TNB 

No 

52.7  ±1.63 

29.8  ±0.48 

17.7  ±0.08 

7.5  ±0.59 

0.7  ±0.0 

<d 

Yes 

53.4  ±0.97 

52.0  ±1.06 

51.3  ±0.22 

54.1  ±0.63 

51.8  ±0.23 

45.9  ±2.72 

TNT 

No 

91.4  ±0.37 

75.4  ±1.24 

65.9  ±0.36 

50.8  ±3.42 

32.7  ±0.31 

13.4  ±0.45 

Yes 

92.9  ±2.04 

91.0  ±1.75 

89.3  ±2.52 

95.4  ±0.70 

90.4  ±1.18 

89.6  ±0.12 

DNB 

No 

39.9  ±0.52 

37.2  ±0.32 

33.3  ±0.11 

28.5  ±0.17 

23.8  ±0.38 

11.3  ±0.25 

Yes 

39.9  ±0.58 

39.8  ±0.29 

39.0  ±0.76 

39.1  ±0.20 

39.0  ±0.18 

38.5  ±0.37 

2,6-DNT 

No 

99.2  ±1.34 

96.2  ±1.38 

90.7  ±0.60 

84.4  ±1.38 

84.9  ±0.82 

73.5  ±0.88 

Yes 

97.2  ±2.14 

95.9  ±0.53 

91.9  ±0.31 

94.8  ±0.43 

94.6  ±0.46 

94.3  ±1.02 

2,4-DNT 

'  No 

69.7  ±0.38 

68.8  ±0.15 

68.3  ±0.04 

66.1  ±4.73 

63.7  ±0.27 

58.8  ±0.38 

Yes 

69.9  ±0.59 

68.6  ±0.51 

67.2  ±0.48 

71.5  ±1.07 

67.3  ±0.44 

66.1  ±0.05 

4ADNT 

No 

57.2  ±0.42 

57.5  ±0.09 

55.3  ±0.23 

54.0  ±2.39 

54.0  ±0.80 

50.4  ±0.30 

Yes 

57.4  ±1.50 

46.4  ±1.16 

44.3  ±0.38 

43.1  ±2.16 

43.8  ±0.25 

41.4  ±0.13 

3,5-DNA 

No 

59.5  ±0.32 

54.4  ±0.37 

48.4  ±0.16 

45.9  ±0.05 

40.0  ±0.44 

30.9  ±0.31 

Yes 

58.2  ±0.15 

53.3  ±2.29 

52.1  ±0.49 

52.7  ±0.84 

51.8  ±0.21 

51.3  ±0.11 

2ADNT 

No 

79.5  ±1.03 

77.0  ±0.68 

73.1  ±0.89 

73.4  ±0.49 

69.0  ±0.53 

62.9  ±0.30 

Yes 

77.8  ±0.43 

73.4  ±2.38 

71.1  ±0.38 

73.0  ±0.72 

71.5  ±0.41 

70.8  ±0.36 

2NT 

No 

74.4  ±0.69 

71.2  ±1.18 

65.6  ±0.79 

64.1  ±5.47 

61.1  ±0.57 

53.7  ±1.06 

Yes 

74.1  ±1.01 

68.4  ±0.55 

63.5  ±0.98 

68.7  ±0.76 

60.9  ±1.13 

49.5  ±4.35 

3NT 

No 

59.9  ±1.95 

54.4  ±0.44 

51.3  ±0.24 

49.5  ±0.41 

46.4  ±1.10 

40.9  ±0.61 

Yes 

60.1  ±1.07 

53.8  ±0.07 

50.5  ±0.64 

48.6  ±1.32 

45.6  ±1.06 

40.4  ±1.35 

4NT 

No 

178.4  ±1.0 

163.2  ±2.5 

153.3  ±0.9 

150.2  ±0.3 

136.3  ±4.6 

129.7  ±0.9 

Yes 

176.5  ±1.7 

161.6  ±4.8 

150.4  ±0.78 

149.0  ±0.50 

138.6  ±0.69 

126.8  ±2.61 

NB 

No 

43.6  ±0.48 

42.4  ±0.62 

40.6  ±0.25 

40.8  ±0.45 

40.3  ±0.35 

37.7  ±0.53 

Yes 

43.2  ±1.46 

41.2  ±0.58 

40.2  ±0.86 

40.6  ±0.27 

39.6  ±0.90 

37.9  ±0.64 

*  X  =  mean;  S  =  standard  deviation 
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Figure  8.  Stability  of  HMX  and  RDX  in  fortified  Connecticut 
River  water  as  a  function  of  storage  time  for  samples  acidified  to 
pH  2  or  left  unacidified. 


Figure  9.  Stability  of  TNB,  TNT,  and  DNB  in  fortified  Con¬ 
necticut  River  water  as  a  function  of  storage  time  for  samples 
acidified  to  pH  2  or  left  unacidified. 


and  2  as  a  function  of  storage  time  (Fig.  10  and  11). 
In  the  worst  case,  tetryl  declined  when  not  acidi¬ 
fied  from  about  41  lig/L  to  "not  detected"  in  less 
than  14  days.  For  TNB,  the  concentration  in  the 
unacidified  sample  declined  from  about  53  |ig/L 
to  0.7  pg/L  in  28  days,  and  for  TNT  the  concentra¬ 


tion  declined  from  about  91  pg/L  to  13.4 
pg/L  over  64  days.  Concentrations  of  tetryl, 
TNB,  TNT,  and  DNB  in  the  unacidified 
samples  dropped  by  73%,  66%,  28%,  and 
17%,  respectively,  during  the  currently  ac¬ 
cepted  holding  time  of  seven  days.  Trans¬ 
formation  products  from  TNB,  TNT,  tetryl, 
DNB,  and  2,6-DNT  were  observed  in 
increasing  concentrations  as  the  concentra¬ 
tions  of  the  fortified  analytes  declined.  For 
TNB  and  TNT  these  transformation  prod¬ 
ucts  were  positively  identified  as  the  mono¬ 
amino  reduction  products  (McCormick  et 
al.  1977).  In  the  case  of  tetryl,  however,  a 
major  transformation  product  was  identi¬ 
fied  as  picrate  ion,  and  lesser  amounts  of  a 
transformation  product  thought  to  be  due 
to  reduction  of  a  nitro  on  the  ring  to  amino 
was  also  observed  (Fig.  10).  For  DNB  and 
2,6-DNT,  the  observed  retention  times  of 
the  transformation  products  were  consis¬ 
tent  with  those  expected  for  the  monoamino 
transformation  products,  but  we  did  not 
have  the  authentic  compoimds  available  to 
verify  this  assignment. 

The  third  group  of  analytes  included 
4ADNT,  2ADNT,  and  3,5-DNA.  For  solu¬ 
tions  where  these  analytes  were  fortified, 
there  appeared  to  be  a  rapid  step-drop  in 
concentration  for  acidified  samples  within 
the  first  several  days,  which  differed  sub¬ 
stantially  from  their  behavior  in  the 
unacidified  samples  (Fig.  12).  For  acidified 
samples,  losses  after  seven  days  of  storage 
were  9%,  10%,  and  23%  for  2ADNT,  3,5- 
DNA,  and  4ADNT,  respectively.  After  64 
days,  losses  were  9%,  12%,  and  28%  for  the 
same  three  compounds,  indicating  that  no 
significant  additional  loss  had  taken  place. 
Unacidified  controls  were  somewhat  more 
stable  initially  and,  after  seven  days  of  stor¬ 
age,  losses  were  8%,  19%,  and  3%  for 
2ADNT,  3,5-DNA,  and  4ADNT,  respec¬ 
tively,  but  these  losses  increased  to  21%, 
48%,  and  12%  for  these  compounds  by  day 
64.  Losses  in  the  unacidified  samples  are 
presumably  due  to  microbial  transforma¬ 
tion.  We  will  discuss  the  losses  in  acidified 
samples  in  more  detail  later. 

The  fourth  group  of  analytes  includes  the  three 
isomers  of  nitrotoluene  and  nitrobenzene  (2NT, 
3NT,  4NT,  NB).  Concentrations  for  a  given  analyte 
declined  slowly  in  acidified  and  unacidified  solu¬ 
tions  at  identical  rates  over  the  entire  56-day  pe- 
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CONTROL  ACIDIFIED 


Figure  10.  RP-HPLC  chromatograms  for  Connecticut 
River  water  samples  fortified  with  DNB,  tetryl, 
4ADNZ  and  3NT. 


m  CONTROL  I  ACIDIFIED 


Retention  Time  (min) 

Figure  11.  RP-HPLC  chromatograms  for  Connecticut 
River  water  samples  fortified  with  HMXf  RDX,  TNB, 
TNZZA-DNZand  2NT. 

riod  (Fig.  13),  A  mechanism  that  could  explain 
this  loss  is  partitioning  into  the  polyethylene  cap 
liner.  This  behavior  has  been  observed  elsewhere 
for  Teflon  in  contact  with  hydrophobic  organics, 
including  these  three  nitrotoluenes  (Parker  et  al, 
1990,  Leggett  and  Parker  1994). 

To  test  the  hypothesis  that  losses  of  the 
mononitrotoluenes  was  due  to  partitioning  into 
the  polyethylene  cap  liners,  caps  taken  from  vials 
stored  with  and  without  acidification  for  28  days 
were  rinsed  thoroughly  with  reagent-grade  water 
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Figure  12.  Stability  oflADNT,  4ADNT,  and  3,5~DNA  in 
fortified  Connecticut  River  water  as  a  function  of  storage 
time  for  samples  acidified  to  pH  2  or  left  unacidified. 


samples  acidified  to  pH  2  or  left  unacidified. 


and  placed  in  new  vials  filled  to  capacity  with 
blank  reagent-grade  water.  The  vials  were  in¬ 
verted  to  ensure  that  solution  contacted  the  cap 
liner,  and  they  were  held  imder  refrigeration  for 
36  days.  At  7, 19,  and  36  days,  a  small  portion  of 
the  water  was  withdrawn  and  analyzed.  Detect¬ 
able  concentrations  of  the  three  isomers  of  ni- 
trotoluene  were  found,  and  the  concentrations 
increased  as  exposure  times  increased  (Table  7). 
Cap  liners  from  the  64-day  acidified  samples 
were  rinsed  with  reagent-grade  water  and  placed 
in  new  vials  containing  2  mL  of  acetonitrile  and 
inverted  to  extract  sorbed  analytes.  These  sam¬ 
ples  were  stored  overnight  in  the  dark  at  room 
temperature.  Detectable  concentrations  of  the 
three  isomers  of  mononitrotoluenes,  NB,  and  the 
two  isomers  of  the  dinitrotoluenes  were  found 
(Table  7).  The  percentage  recovery  ranged  from 
21  to  70%  of  the  mass  lost  from  the  water  for  the 
various  compoxmds.  Thus,  sorption  by  the  cap 
liners  appears  to  be  responsible  for  the  slow 
losses  of  the  nitrotoluenes  and  nitrobenzene  ob¬ 
served  and  accounts  for  the  loss  of  the  dinitro¬ 
toluenes  from  acidified  samples  as  well. 


Table  7.  Recoveries  of  analytes  from  polyethyl¬ 
ene  cap  liners  (0.44  cm^). 

Mass  of  analytes  recovered  when  caps  (day  28)  were 
equilibrated  with  reagent-grade  water  for  various  lengths 
of  time. 


Mass  (fig)  recovered 


Day  7 

CfA* 

Day  19 

CIA 

Day  36 

CIA 

2NT 

0.18/0.15 

0.18/0.19 

0.19/0.21 

3NT 

0.15/0.11 

0.17/0.15 

0.21/0.19 

4NT 

0.31/0.37 

0.55/0.57 

0.65/0.64 

*  C/A — Control/ Acidified 

Mass  of  analytes  recovered  when  caps  (day  64)  were  ex¬ 
tracted  for  18  hours  with  ACN. 

Mass  of  analyte  lost  Mass  of  analyte  recovered 

front  solution  (fig)  from  cap  liners  (fig) 


2NT 

0.56 

0.20 

3NT 

0.48 

0.10 

4NT 

1.17 

0.32 

NB 

0.14 

0.06 

2,4-DNT 

0.10 

0.06 

2,6-DNT 

0.10 

0.07 
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Table  8.  Results  of  holding-time  study  using  three  fortified  ground  waters. 


Preserved 


Concentration  (X± S)** 

(^g/L) 


Analyte/matrix*  (pH  2.0)  Day  0 _ Day  3 _ Day? _ Day  U _ Day  28 _ Day  64 

TNB  1  No  53.1  ±1.39  51.410.30  51.3+0.41  35.210.20  18.410.22  7.910.04 

Yes  51.810.69  51.210.07  56.711.96  53.910.30  53.510.47  51.810.56 

2  No  52.410.58  52.310.49  54.710.18  45.210.51  33.810.93  16.511.20 

Yes  52.811.56  52.010.10  54.910.13  54.010.35  54.611.42  53.410.62 

3  No  53.6  ±0.62  52.5  ±0.09  53.4  ±0.54  42.2  ±0.85  20.7  ±0.68  4.2  ±0.60 

Yes  52.710.81  52.910.04  55.610.15  54.810.46  56.610.26  54.710.16 

tetryl  1  No  42.511.17  39.210.02  29.010.28  13.910.58  7.210.01  3.010.13 

Yes  41.510.67  41.610.53  45.810.39  43.110.13  42.710.41  39.5  dhO.44 

2  No  41.410.48  39.710.48  38.610.48  25.810.27  14.410.02  3.710.80 

Yes  41.511.54  41.610.40  44.410.53  42.610.72  42.410.11  40.410.42 

3  No  170.310.1  168.510.0  147.412.5  83.110.48  70.210.01  26.310.53 

Yes  170.8  10.6  173.7  12.0  179.9  13.5  174.7  12.2  176.3  10.1  158.4  10.63 

TNT  1  No  89.4  12.27  89.110.24  93.3  10.45  80.9  10.43  74.6  10.89  61.811.05 

Yes  88.3  10.71  91.0  10.75  96.112.96  92.6  10.98  90.711.15  91.6  10.60 

2  No  89.911.18  91.811.45  94.0  10.40  85.411.05  74.112.25  63.4  10.37 

Yes  89.112.82  92.110.96  94.610.76  92.510.02  92.311.73  91.510.29 

3  No  90.511.51  91.310.26  94.710.96  88.110.84  80.210.18  62.510.51 

Yes  88.510.07  93.511.82  95.010.15  89.910.48  94.310.11  92.710.27 

4-ADNT  1  No  56.011.67  55.710.32  57.510.16  56.910.01  56.510.04  56.410.87 

Yes  55.311.29  45.210.47  39.610.22  34.810.16  35.010.31  31.110.10 

2  No  55.5+0.94  55.710.23  57.010.46  56.510.17  54.611.13  54.510.42 

Yes  56.211.69  45.910.32  41.010.71  36.111.56  32.711.00  29.810.14 

3  No  54.3  12.07  51.112.79  55.811.80  54.9  10.28  53.4  10.38  54.5  10.25 

_ Yes  54.610.46  47.811.85  45.210.52  41.410.76  40.911.02  38.710.15 


*  Matrix  1  =  PT,  matrix  2  =  MW,  matrix  3  =  TR 


X  =  mean;  S  =  standard  deviation 


To  determine  if  these  losses  could  be  eliminated 
using  Teflon  cap  liners,  a  study  was  conducted  as 
follows.  Reagent-grade  water  was  fortified  with 
TNT,  NB,  the  three  nitrotoluenes,  and  the  two 
DNTs.  Samples  were  stored  in  an  inverted  posi¬ 
tion,  under  refrigeration,  and  analyzed  after  7, 14, 
28,  and  64  days.  No  measurable  losses  were  ob¬ 
served,  Thus,  the  losses  for  this  group  of  analytes 
would  have  been  eliminated  if  vials  using 
Teflon  cap  liners  had  been  used  in  the  holding¬ 
time  study. 

Holding-time  study  using 
pH  2  stabilization  for 
fortified  groundwaters 

Since  preservation  by  acidification  to  pH  2 
was  successful  for  most  of  these  compounds  in 
Connecticut  River  water,  an  additional  study  was 
conducted  using  three  local  groundwaters.  These 
groundwaters  were  fortified  with  TNB,  TNT, 
tetryl,  and  4ADNT  at  the  same  initial  concentra¬ 
tions  as  used  above.  The  concentration  of  tetryl 
was  inadvertently  fortified  at  a  higher  concen¬ 
tration  for  one  groundwater  matrix.  We  studied 
TNB,  tetryl,  and  TNT  because  they  were  the  least 
stable  of  those  tested  in  the  river  water  matrix. 
4ADNT  was  of  interest  because  of  its  behavior  in 


acidified  samples  compared  with  unacidified.  Pre¬ 
served  and  unpreserved  samples  were  prepared 
and  treated  as  described  for  the  previous  study, 
except  that  only  duplicates  were  analyzed  for  each 
storage  time.  The  results  of  this  study  are  shown 
in  Table  8. 


storage  Time  (days) 

Figure  14,  Losses  of  TNB  in  acidified  and  unacidified 
groundwater  samples  as  a  function  of  storage  time. 
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Figure  15.  Losses  of  TNT  in  unacidified  groundwaters  and 
Connecticut  River  water  samples  as  a  function  of  storage  time. 
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Figure  16.  Losses  of4ADNT  in  acidified  groundwaters  and 
Connecticut  River  water  samples  as  a  function  of  storage  time. 


was  similar,  with  the  rate  of  change  being  great¬ 
est  for  TNB.  Both  analytes  were  stable  for  the 
first  seven  days,  but  substantial  losses  were  ob¬ 
served  by  day  14  (Fig.  14).  This  behavior  is  some¬ 
what  different  from  that  found  in  the  fortified 
Connecticut  River  water,  where  major  losses  of 
these  two  analytes  were  observed  by  day  3  (Fig. 
15).  The  behavior  in  both  matrices  is  consistent 
with  microbiological  transformation  being  the 
major  loss  mechanism  for  these  compounds. 
For  Connecticut  River  water,  a  large  population 
of  aerobic  microorganisms  is  undoubtedly 
present  initially  that  requires  little  or  no  accli¬ 
mation  time  before  being  capable  of  transform¬ 
ing  these  compounds.  In  the  groundwater,  the 
initial  population  of  aerobic  microorganisms  is 
probably  many  orders  of  magnitude  lower,  and 
it  appears  that  several  days  are  required  for  the 
populations  to  increase  sufficiently  to  result  in 
significant  analyte  losses. 

The  behavior  of  tetryl  in  the  unacidified 
groundwaters  is  somewhat  different  from  TNB 
and  TNT.  For  tetryl,  a  small  loss  in  all  three 
groimdwaters  was  observed  by  day  3,  with  sub¬ 
stantial  loss  for  two  of  the  three  groundwaters 
by  day  7  (Table  8).  This  behavior  is  consistent 
with  earlier  research  showing  that  losses  of  tetryl 
can  occur  by  hydrolysis  as  well  as  microbio¬ 
logical  transformation  (Kayser  et  al.  1984, 
Jenkins  1994). 

The  behavior  of  4ADNT  in  these  fortified 
groundwaters  is  similar  to  that  observed  in  for¬ 
tified  Connecticut  River  water  for  acidified 
samples,  but  somewhat  different  for  imacidified 
controls.  For  unacidified  samples,  no  losses  of 
4ADNT  were  observed  over  the  64-day  study. 
For  the  acidified  samples,  substantial  losses 
were  observed  for  all  three  groundwaters  that 
amounted  to  29%,  44%,  and  47%  for  the  TR,  PT, 
and  MW  groundwaters,  respectively,  after  64 
days  (Fig.  16).  Percent  loss  of  4ADNT  in  the  TR 
groundwater  was  similar  to  that  found  in  the 
Connecticut  River  water,  and  losses  in  the  other 
two  matrices  were  greater. 


Acidification  to  pH  2  eliminated  losses  of  TNB 
and  TNT  over  the  entire  64-day  study  for  all  three 
fortified  groundwaters.  Acidification  also  elimi¬ 
nated  losses  of  tetryl  for  two  of  the  three  ground- 
waters  over  the  64-day  period,  but  some  loss  of 
tetryl  was  observed  after  day  28  for  tetryl  in  ma¬ 
trix  no.  3  (Table  8).  Substantial  losses  of  tetryl, 
TNB,  and  TNT  were  observed  in  all  of  the  imacidi¬ 
fied  samples,  however.  The  pattern  of  TNB  and 
TNT  loss  in  the  three  unacidified  groundwaters 


Evaluation  of  acidification  using 
field-contaminated  groundwater 

Since  chemical  preservation  using  acidification 
to  pH  2  with  sodium  bisulfate  looked  promising, 
this  technique  was  further  evaluated  with  36 
groundwater  samples  from  monitoring  wells  at 
the  Naval  Surface  Warfare  Center  (NSWC)  in 
Crane,  Indiana.  At  each  well,  two  water  samples 
were  collected  in  125-mL  glass  bottles.  A  0.2-g 
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Figure  17.  Stability  ofHMX  and  RDX  in  groundwater 
samples  from  the  Naval  Surface  Warfare  Center. 


portion  of  sodium  bisulfate  had  been  added  to 
one  bottle  in  each  pair  so  that  an  acidified  and  an 
unacidified  subsample  from  each  well  were  re¬ 
turned  to  the  laboratory.  Samples  were  shipped 
cold  by  overnight  carrier. 

Upon  receipt  in  the  laboratory  the  day  after 
sample  collection,  the  pH  of  all  samples  was  mea¬ 
sured  and  all  36  imacidified  samples  were  screened 
using  several  commercial  enzyme  immuno-assay 
kits  to  estimate  the  TNT  concentration  (Thome  and 
Myers,  in  press).  Based  upon  the  TNT  concentra¬ 
tion  obtained,  nine  samples  were  selected  to  con¬ 
duct  holding-time  studies,  and  40-mL  aliquots  of 
both  the  acidified  and  unacidified  portions  of  these 
samples  were  fortified  with  additional  TNT  and 
TNB.  Fortification  was  accomplished  by  addition 
of  TNT  and  TNB  in  aqueous  solution  prepared 
without  use  of  organic  solvents.  The  pH  for  each 
sample  and  the  fortification  level  for  TNT  and 
TNB  is  given  in  Appendix  A.  A  second  set  of  40- 
mL  aliquots  of  each  pair  of  acidified  and  unacidi¬ 
fied  samples  was  also  retained  without  fortifica¬ 


tion.  All  of  these  samples  were  stored  in  40-mL 
glass  vials  with  Teflon-lined  caps  and  analyzed 
on  day  0  (the  day  they  arrived  in  the  laboratory) 
and  at  7, 14, 21,  and  28  days  after  holding  at  4°C  in 
the  dark.  Samples  were  diluted  1:1  with  methanol 
and  filtered  prior  to  analysis.  Analytical  results 
are  presented  in  Appendix  A. 

Of  the  nine  imfortified  groundwater  samples 
from  the  NSWC,  seven  contained  detectable  con¬ 
centrations  of  HMX  and  RDX,  four  had  detectable 
TNT,  six  had  detectable  2ADNT/4ADNT,  two  had 
a  very  low  but  detectable  TNB  concentration,  and 
one  acidified  sample  had  a  very  low  concentra¬ 
tion  of  2,4-DNT.  As  observed  for  the  fortified  wa¬ 
ters  discussed  earlier,  HMX  and  RDX  were  stable 
in  all  seven  samples  over  the  entire  28-day  hold¬ 
ing  time,  whether  samples  were  acidified  to  pH  2 
or  not  (Fig.  17).  The  behavior  of  2ADNT  and 
4ADNT  was  sample-dependent.  For  three  samples, 
the  concentrations  of  these  compoimds  in  the  acidi¬ 
fied  subsamples  were  substantially  lower  than  for 
the  unacidified  subsamples  (Fig.  18).  In  three  oth¬ 
ers,  some  at  nearly  identical  initial  concentrations 
and  measured  pH,  no  loss  of  2ADNT  or  4ADNT 
was  found  due  to  acidification  (Fig.  19).  As  ob¬ 
served  previously,  when  loss  occurred,  the  major 
portion  occurred  rapidly  over  the  first  few  days. 

For  TNT,  acidification  to  pH  2  proved  to  be 
effective  in  preserving  TNT  whether  samples  ini¬ 
tially  had  TNT  present  or  were  fortified  with  TNT. 
For  their  unacidified  coimterparts,  the  results  were 
mixed:  TNT  was  stable  over  the  28-day  holding 
time  in  two  unfortified  samples  but  declined  in 
two  others.  The  worst  case  was  for  well  F  (Table 
A6),  where  the  acidified  sample  had  a  mean  con¬ 
centration  of  about  22  pg/L  over  the  study,  but 
the  unacidified  sample  showed  a  consistent  de¬ 
cline  from  14  |ig/L  to  less  than  detectable  (detec¬ 
tion  limit  estimated  at  2  hg/L).  The  concentration 
at  7  days,  the  currently  accepted  holding  time, 
was  9  |Xg/L,  indicating  that  nearly  two-thirds  of 
the  TNT  had  been  lost  over  this  period.  The  con¬ 
centration  of  TNT  in  the  unacidified  portion,  even 
in  the  day  0  sample,  was  reduced  relative  to  the 
acidified  portion,  apparently  due  to  loss  occur¬ 
ring  during  the  one-day  shipping  time  from  the 
field  to  the  laboratory  TNT  stability  in  the  forti¬ 
fied  samples  was  similarly  unpredictable;  TNT 
concentrations  in  some  remained  stable  but  de¬ 
clined  significantly  in  others  (Fig,  20)  over  the  28- 
day  holding  time. 

The  behavior  of  TNB  in  fortified  samples  paral¬ 
leled  that  of  TNT,  but  the  rate  of  loss  appeared  to 
be  faster  in  samples  that  showed  losses  (Fig.  21). 
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Figure  19.  Instability  of4ADNT  in  three  other 
groundwater  samples  from  the  Naval  Surface 
Warfare  Center. 
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Figure  21.  Behavior  ofTNB  in  several  ground- 
water  samples  from  the  Naval  Surface  Warfare 
Center. 


Well  J;  Unacidified 


Figure  22.  Chromatograms  for  the  acidified  groundwater  samples  from 
the  Naval  Surface  Warfare  Center. 


The  loss  of  TNB  in  several  samples  was  accompa¬ 
nied  by  the  appearance  of  3,5-DNA,  the  expected 
transformation  product.  When  TNT  was  either  al¬ 
ready  present,  or  fortified,  at  concentrations  above 
about  150  |ig/L,  no  losses  of  TNT  or  TNB  were 
observed.  This  may  be  due  to  a  toxicity  effect  on 
the  microorganisms  present.  Well  F  (Table  A6)  had 
a  detectable  concentration  of  2,4-DNT,  but  only  in 
the  acidified  portion.  Apparently  this  analyte  was 
unstable  in  this  sample  if  not  acidified.  This  result 
is  consistent  with  observations  of  Maskarinec  et 
al.  (1991).  These  results  confirm  that  the  stability 
of  TNT  and  TNB  in  unacidified  groundwater 
samples  is  very  sample-specific,  but  that  acidifi¬ 
cation  to  pH  2  is  a  very  effective  stabilization  tech¬ 
nique  for  nitroaromatics. 

Chromatograms  obtained  for  the  acidified 
groundwater  samples  on  the  LC-18  column  re¬ 
vealed  the  presence  of  a  small  but  detectable  in¬ 
terference  with  a  similar  retention  time  to  TNT 
(Fig.  22).  This  interference  had  been  observed  ear¬ 
lier  with  acidified  groundwater  samples  that  had 
been  filtered  using  a  syringe  containing  a  rubber- 
tipped  plunger.  Analysis  of  these  samples  on  the 
LC-CN  confirmation  column  indicated  that  this 
peak  was  definitely  not  TNT.  When  these  samples 
were  preconcentrated  by  a  factor  of  100  prior  to 
analysis,  using  either  salting-out  solvent  extrac¬ 


tion  with  acetonitrile  or  solid-phase  extraction 
where  the  retained  compounds  were  eluted  with 
acetonitrile,  this  peak  was  not  observed,  which 
was  also  consistent  with  the  hypothesis  that  it 
was  due  to  the  rubber-tipped  plunger. 

Problems  with  acidification  for 
the  amino  compounds 

As  discussed  above,  some  decrease  in  concen¬ 
tration  was  found  for  the  amino-containing  com¬ 
pounds  in  acidified  samples  in  the  fortified 
Connecticut  River  water,  the  three  fortified 
groundwaters,  and  some,  but  not  all,  of  the  field- 
contaminated  groundwaters  from  the  NSWC.  We 
initially  suspected  that  this  behavior  was  due  to 
protenation  of  a  significant  portion  of  the  amino 
functional  groups  to  form  the  corresponding  am¬ 
monium  ions  (HADNT"^)  at  pH  2  (eq  1).  This  could 
result  in  low  recovery  of  the  parent  amine  when 
conducting  direct  analysis  using  RP-HPLC. 

HADNT+  ^  ADNT  +  H+  (1) 

Ka  =  [ADNT]  [H+]  /  [HADNT+]  (2) 

The  pKa  values  (eq  2)  for  the  ammonium  com¬ 
pounds  corresponding  to  4ADNT  and  2ADNT  are 
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reported  to  be  1.23  ±0.02  and  0.59  ±0.03,  respec¬ 
tively  (Glover  and  Hoffsommer  1977).  If  we  as¬ 
sume  an  initial  concentration  of  50  |ig/L  for 
4ADNT,  the  equilibrium  concentrations  of  4ADNT 
and  4HADNT-^  for  a  [H+]  of  O.OIM  would  be  42.7 
pg/L  and  7,3  pg/L,  respectively.  Similarly,  for  an 
initial  concentration  of  50  pg/L  of  2ADNT,  the 
equilibrium  concentrations  would  be  48.1  pg/L 
and  1.9  pg/L,  respectively.  If  the  protenated  spe¬ 
cies  were  separated  from  the  unprotenated  amino 
compoimds  during  RP-HPLC  analysis,  recoveries 
of  85.4%  and  97.2%  for  4ADNT  and  2ADNT,  re¬ 
spectively,  would  result.  When  solutions  of  the 
amino  compounds  at  about  50  pg/L  in  reagent- 
grade  water  were  prepared  and  analyzed  quickly 
after  acidification,  we  observed  no  losses  of  the 
amino  compoimds  relative  to  unacidified  samples. 
Since  acid-base  reactions  are  kinetically  very  fast, 
the  pH  of  the  sample,  once  injected  into  the  HPLC, 
must  shift  sufficiently  that  essentially  all  of  the 
ADNT  reverts  to  the  amino  form  regardless  of  initial 
sample  pH.  Thus,  the  protenation  of  the  4ADNT  is 
not  directly  responsible  for  the  losses  we  observed. 

Figures  16, 18,  and  19  indicate  that  the  amount 
of  4ADNT  lost  for  various  water  matrices  varies 
substantially,  but  for  matrices  where  loss  is  foimd, 
the  pattern  is  quite  similar.  In  these  cases,  loss  is 
fairly  rapid  over  the  first  several  days  and  then 
the  concentrations  become  fairly  stable  at  a  re¬ 
duced  level.  Thus,  the  loss  mechanism  appears  to 
have  a  finite  capacity,  but  the  capacity  differs  from 
matrix  to  matrix.  Losses  were  not  found  to  corre¬ 
late  with  the  actual  pH  achieved  upon  acidifica¬ 
tion  for  the  well  waters  from  NSWC.  However, 
problems  with  sorption  of  dinitroaniline  herbi¬ 
cides  from  water  on  surfaces  such  as  glass,  stain¬ 
less  steel,  Nalgene,  and  Teflon  have  been  reported 
by  Strachan  and  Hess  (1982).  While  there  was  no 
association  of  this  sorption  with  acidification,  these 
results  demonstrate  how  sorptive  these  types  of 
compounds  can  be  even  in  the  absence  of  particu¬ 
late  matter.  Variations  in  the  colloidal/ suspended 
matter  content  for  specific  water  samples  may  be 
responsible  for  the  apparently  inconsistent  behav¬ 
ior  observed.  It  is  possible  that  acidification  to  pH 
2  activates  surfaces  on  the  colloidal /suspended 
matter  thereby  making  it  more  sorptive  for  these 
amino  compounds. 

CONCLUSIONS 

The  most  important  conclusion  from  this  study 
is  that  holding  times  for  water  samples  containing 


nitroaromatics  such  as  TNT,  TNB,  and  tetryl  can 
be  extended  to  at  least  28  days  by  acidification  to 
pH  2  using  sodium  bisulfate.  Acidification  does 
not  affect  the  stability  of  nitramines  that  were  stable 
over  this  period  with  or  without  preservation.  Un¬ 
fortunately,  in  some  samples  there  can  be  a  loss  of 
aminodinitroaromatics  such  as  4ADNT,  2ADNT, 
and  3,5-DNA  due  to  acidification  to  pH  2,  and  the 
lost  analytes  cannot  be  recovered  by  neutraliza¬ 
tion.  The  maximum  loss  due  to  this  process  after 
28  days  was  71%  for  4ADNT  in  well  F  from  NSWC 
(Table  A6).  These  amino-containing  compounds 
can  also  be  lost  in  unacidified  samples,  probably 
as  a  result  of  microbiological  transformation,  but 
at  a  slower  rate  than  that  due  to  acidification  dur¬ 
ing  the  first  few  days.  If  samples  are  to  be  precon¬ 
centrated  using  salting-out  solvent  extraction,  they 
must  be  neutralized  prior  to  extraction,  or  incom¬ 
plete  recovery  of  the  amino  compounds  will  be 
found.  If  preconcentration  is  to  be  accomplished 
using  solid-phase  extraction,  neutralization  prior 
to  extraction  does  not  appear  to  be  necessary. 

A  slow  loss  of  the  mononitrotoluenes  and  ni¬ 
trobenzene  was  also  found  during  sample  storage 
whether  samples  were  acidified  or  not,  and  the 
loss  was  found  to  be  due  to  sorption  into  the  poly¬ 
ethylene  cap  liners  used  for  sample  storage.  WTien 
samples  were  stored  in  vials  with  caps  containing 
Teflon  liners,  this  loss  was  drastically  reduced. 

If  acidified  samples  are  to  be  analyzed  using 
the  direct-analysis  protocol  in  SW846  Method  8330, 
it  is  important  that  filtration  be  conducted  using 
disposable  syringes  that  do  not  have  a  rubber- 
tipped  plunger.  If  a  rubber-tipped  plunger  is  used, 
a  small  but  detectable  interference  will  be  found 
near  the  retention  time  of  TNT,  and  the  size  of  this 
interference  will  depend  on  the  time  between  fil¬ 
tration  and  analysis. 

Because  acidification  can  affect  the  stability  of 
the  amino  transformation  products  in  solution, 
we  do  not  recommend  acidification  to  pH  2  for 
R&D  projects  studying  the  fate  of  explosives  un¬ 
der  various  treatment  protocols.  In  these  cases, 
samples  can  be  stabilized  if  necessary  by  addition 
of  acetonitrile  to  achieve  2.5%  and  acidification  to 
pH  3.5  using  acetic  acid. 
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APPENDIX  A;  HOLDING-TIME  STUDY  RESULTS 


Table  Al.  Results  of  holding-time  study  for  groundwater  samples  from  the  Naval  Surface  Warfare  Cen¬ 
ter,  Crane,  Indiana,  well  A,  samples  48622  and  48635. 


Cone.  fortified(iig/L)  _ Determined  concentration 


Acidified? 

TNB 

TNT 

HMX 

RDX 

TNB 

3,5-DNA 

TNT 

4ADNT 

2ADNT 

Day  0 

No  pH  =  7.1 

0 

0 

134 

365 

12 

5 

Yes  pH  =  2.2 

0 

0 

135 

359 

11 

5 

No 

30.0 

24.5 

133 

375 

26 

24 

Yes 

30.0 

24.5 

135 

373 

27 

24 

Day  7 

No 

0 

0 

144 

378 

5 

4 

Yes 

0 

0 

126 

370 

11 

3 

No 

138 

376 

22 

19 

14 

4 

Yes 

Day  14 

128 

370 

25 

25 

11 

6 

No 

0 

0 

135 

372 

14 

4 

Yes 

0 

0 

135 

385 

4 

13 

3 

No 

137 

373 

17 

1 

21 

14 

3 

Yes 

Day  21 

132 

367 

26 

26 

10 

4 

No 

0 

0 

133 

372 

1 

11 

3 

Yes 

0 

0 

134 

366 

3 

8 

5 

No 

130 

370 

12 

4 

19 

11 

5 

Yes 

Day  28 

135 

368 

26 

29 

9 

4 

No 

0 

0 

133 

377 

2 

11 

2 

Yes 

0 

0 

133 

373 

5 

9 

5 

No 

136 

380 

8 

4 

17 

11 

6 

Yes 

130 

371 

26 

27 

8 

4 

Table  A2,  Results  of  holding-time  study  for  groundwater  samples  from  the  Naval  Surface  Warfare  Cen¬ 
ter,  Crane,  Indiana,  well  B,  samples  48725  and  48726. 


Cone.  fortified(ii<i/L)  _ Determined  concentration  (ux/L) 


Acidified? 

TNB 

TNT 

HMX 

RDX 

TNB 

3,5-DNA 

TNT 

4ADNT 

2ADNT 

Day  0 

No  pH  =  6.0 

0 

0 

165 

58 

9 

7 

Yes  pH  =  2.5 

0 

0 

158 

55 

6 

5 

No 

75.0 

36.7 

166 

51 

70 

35 

11 

7 

Yes 

75.0 

36.7 

155 

50 

69 

40 

4 

3 

Day? 

No 

0 

0 

156 

57 

10 

7 

Yes 

0 

0 

150 

56 

No 

152 

60 

57 

4 

32 

7 

6 

Yes 

149 

56 

69 

36 

Day  14 

No 

0 

0 

160 

58 

11 

6 

Yes 

0 

0 

168 

58 

5 

No 

159 

55 

53 

5 

34 

11 

5 

Yes 

163 

55 

72 

39 

Day  21 

No 

0 

0 

157 

56 

11 

9 

Yes 

0 

0 

160 

55 

6 

No 

156 

55 

47 

4 

31 

10 

8 

Yes 

158 

56 

70 

34 

Day  28 

No 

0 

0 

155 

64 

11 

11 

Yes 

0 

0 

159 

61 

No 

156 

62 

44 

7 

30 

11 

10 

Yes 

177 

70 

78 

40 

25 


Table  A3.  Results  of  holding-time  study  for  groundwater  samples  from  the  Naval  Surface  Warfare  Cen¬ 
ter,  Crane,  Indiana,  well  C,  samples  48727  and  48728. 


Cone.  fortified(fi^/L)  _ Determined  concentration  (\i%/L) 


Acidified? 

TNB 

TNT 

HMX 

RDX 

TNB 

3,5-DNA 

TNT 

4ADNT 

2ADNT 

Day  0 

No  pH  = 

6.40 

0 

0 

173 

76 

2 

17 

59 

54 

Yes  pH  = 

2.47 

0 

0 

173 

66 

2 

25 

61 

52 

No 

75.0 

61.2 

168 

69 

71 

3 

77 

58 

50 

Yes 

75.0 

61.2 

170 

66 

69 

1 

81 

57 

51 

Day? 

No 

0 

0 

164 

72 

4 

14 

59 

53 

Yes 

0 

0 

170 

71 

3 

21 

58 

53 

No 

170 

85 

67 

4 

75 

58 

56 

Yes 

166 

69 

68 

3 

79 

57 

51 

Day  14 

No 

0 

0 

167 

70 

3 

13 

59 

56 

Yes 

0 

0 

175 

71 

3 

20 

61 

54 

No 

164 

75 

63 

4 

75 

58 

53 

Yes 

174 

71 

70 

2 

81 

60 

53 

Day  21 

No 

0 

0 

172 

69 

4 

10 

60 

53 

Yes 

0 

0 

163 

65 

2 

21 

56 

52 

No 

169 

70 

62 

4 

73 

63 

54 

Yes 

176 

68 

72 

2 

81 

59 

53 

Day  28 

No 

0 

0 

168 

82 

2 

3 

11 

62 

56 

Yes 

0 

0 

175 

74 

3 

25 

58 

52 

No 

165 

83 

57 

3 

71 

59 

56 

Yes 

177 

76 

73 

2 

84 

59 

52 

Table  A4.  Results  of  holding-time  study  for  groundwater  samples  from  the  Naval  Surface  Warfare  Cen¬ 
ter,  Crane,  Indiana,  well  D,  samples  48731  and  48732 


Cone.  fortified(fi^/L)  _ Determined  concentration  (fig/l) 


Acidified? 

TNB 

TNT 

HMX 

RDX 

TNB 

3,5-DNA 

TNT 

4ADNT 

2ADNT 

Day  0 

No  pH  =  6.3 

0 

0 

252 

157 

5 

7 

no 

47 

65 

Yes  pH  =  2.5 

0 

0 

247 

155 

4 

6 

115 

35 

54 

No 

75.0 

49.0 

243 

148 

74 

8 

563 

45 

61 

Yes 

75.0 

49.0 

245 

144 

73 

3 

565 

36 

51 

Day? 

No 

0 

0 

249 

150 

4 

7 

102 

44 

63 

Yes 

0 

0 

247 

156 

3 

4 

109 

20 

36 

No 

244 

152 

72 

6 

557 

44 

62 

Yes 

240 

144 

72 

3 

557 

16 

35 

Day  14 

No 

0 

0 

258 

161 

5 

7 

109 

47 

64 

Yes 

0 

0 

255 

158 

3 

2 

115 

18 

33 

No 

252 

155 

75 

9 

573 

50 

65 

Yes 

252 

157 

76 

3 

581 

19 

30 

Day  21 

No 

0 

0 

268 

154 

4 

7 

109 

49 

66 

Yes 

0 

0 

251 

153 

5 

4 

118 

16 

31 

No 

263 

151 

74 

8 

575 

41 

67 

Yes 

259 

155 

78 

4 

596 

22 

32 

Day  28 

No 

0 

0 

255 

161 

4 

7 

109 

48 

65 

Yes 

0 

0 

283 

175 

5 

2 

123 

18 

33 

No 

255 

161 

74 

9 

568 

46 

66 

Yes 

252 

154 

74 

3 

576 

16 

30 

26 


Table  A5.  Results  of  holding-time  study  for  groundwater  samples  from  the  Naval  Surface  Warfare 
Center,  Crane,  Indiana,  well  E,  samples  48743  and  48744. 


Cone.  fortified(fi^/L)  _ Determined  concentration 


Acidified? 

TNB 

TNT 

HMX 

RDX 

TNB 

3,5-DNA 

TNT 

4ADNT 

2ADNT 

No  pH  =  4.49 

0 

Day  0 

0 

112 

60S 

8 

180 

10 

8 

Yes  pH  =  2.22 

0 

0 

101 

555 

3 

170 

9 

8 

No 

75.0 

24.5 

107 

601- 

80 

405 

10 

6 

Yes 

75.0 

24.5 

99 

550 

73 

399 

11 

8 

No 

0 

Day? 

0 

103 

598 

5 

179 

11 

7 

Yes 

0 

0 

99 

552 

3 

167 

11 

8 

No 

105 

595 

72 

401 

10 

9 

Yes 

98 

551 

72 

394 

9 

9 

No 

0 

Day  14 

0 

112 

624 

5 

183 

10 

8 

Yes 

0 

0 

105 

587 

3 

175 

11 

9 

No 

111 

612 

73 

411 

9 

7 

Yes 

102 

575 

74 

409 

11 

7 

No 

0 

Day  21 

0 

116 

618 

6 

3 

183 

14 

9 

Yes 

0 

0 

106 

590 

5 

2 

184 

12 

8 

No 

112 

610 

76 

3 

418 

14 

9 

Yes 

103 

566 

75 

3 

411 

13 

9 

No 

0 

Day  28 

0 

114 

627 

4 

3 

178 

14 

10 

Yes 

0 

0 

108 

590 

3 

2 

178 

11 

8 

No 

114 

619 

73 

2 

416 

14 

12 

Yes 

107 

586 

76 

1 

414 

12 

7 

Table  A6.  Results  of  holding-time  study  for  groundwater  samples  from  the  Naval  Surface  Warfare  Center,  Crane, 
Indiana,  well  F,  samples  48745  and  48746. 


Cone,  fortified  (/i^/L)  _ Determined  concentration(iX9ifL) 


Acidified? 

TNB 

TNT 

HMX 

RDX 

TNB 

3,5-DNA  TNT 

4ADNT 

2ADNT 

24-DNT 

Day  0 

No  pH  =  5.78 

0 

0 

325 

102 

7 

14 

51 

40 

Yes  pH  =  2.30 

0 

0 

316 

102 

2 

24 

17 

21 

4 

No 

75.0 

122.3 

373 

100 

69 

5 

128 

45 

39 

Yes 

75.0 

122.3 

314 

97 

70 

1 

135 

17 

20 

3 

Day? 

No 

0 

0 

318 

102 

4 

9 

49 

40 

Yes 

0 

0 

306 

103 

7 

18 

13 

18 

4 

No 

316 

101 

50 

7 

122 

46 

40 

Yes 

305 

100 

68 

3 

129 

11 

17 

5 

Day  14 

No 

0 

0 

328 

104 

5 

5 

47 

39 

Yes 

0 

0 

317 

106 

2 

22 

13 

15 

6 

No 

321 

104 

42 

10 

114 

49 

39 

Yes 

323 

109 

72 

4 

140 

11 

17 

4 

Day  21 

No 

0 

0 

336 

100 

4 

3 

52 

42 

Yes 

0 

0 

333 

108 

4 

19 

15 

21 

4 

No 

325 

102 

37 

11 

115 

54 

45 

Yes 

336 

114 

74 

4 

142 

17 

21 

4 

Day  28 

No 

0 

0 

331 

108 

5 

53 

9 

Yes 

0 

0 

334 

114 

1 

22 

14 

21 

4 

No 

333 

no 

32 

13 

114 

55 

43 

Yes 

322 

111 

73 

3 

145 

15 

21 

4 

27 


Table  A7.  Results  of  holding-time  study  for  groundwater  samples  from  the  Naval  Surface  Warfare  Cen¬ 
ter,  Crane,  Indiana,  well  G,  samples  48741  and  48742. 


Acidified? 

Cone.  fortified(ii$^/L) 

Determined  concentration  (ii9./L) 

TNB 

TNT  HMX 

RDX  TNB  3,5-DNA 

TNT  4ADNT  2ADNT 

Day  0 

No  pH  =  3.69 

0 

0 

Yes  pH  =  2.30 

0 

0 

No 

75.0 

36.7 

67 

33 

Yes 

75.0 

36.7 

70 

40 

Day  7 

No 

0 

0 

Yes 

0 

0 

No 

66 

33 

Yes 

70 

38 

Day  14 

No 

0 

0 

Yes 

0 

0 

No 

66 

36 

Yes 

72 

40 

Day  21 

No 

0 

0 

Yes 

0 

0 

No 

68 

35 

Yes 

74 

41 

Day  28 

No 

0 

0 

Yes 

0 

0 

No 

65 

35 

Yes 

73 

39 

Table  A8.  Results  of  holding-time  study  for  groundwater  samples  from  the  Naval  Surface  Warfare  Cen¬ 
ter,  Crane,  Indiana,  well  H,  samples  48719  and  48720. 


Cone.  fortified({ig/L) 

Determined  concentration  (pig/L) 

Acidified? 

TNB 

TNT 

HMX 

RDX  TNB 

3,5-DNA 

TNT  4ADNT  2ADNT 

Day  0 

No  pH  =  4.50 

0 

0 

Yes  pH  =  2.27 

0 

0 

No 

75.0 

36.7 

68 

32 

Yes 

75.0 

36.7 

Day? 

68 

39 

No 

0 

0 

Yes 

0 

0 

No 

71 

36 

Yes 

Day  14 

69 

33 

No 

0 

0 

Yes 

0 

0 

No 

68 

32 

Yes 

Day  21 

71 

36 

No 

0 

0 

Yes 

0 

0 

No 

63 

30 

Yes  . 

Day  28 

69 

35 

No 

0 

0 

Yes 

0 

0 

No 

64 

34 

Yes 

71 

38 

28 


Table  A9.  Results  of  holding-time  study  for  groundwater  samples  from  the  Naval  Surface  Warfare  Cen¬ 
ter,  Crane,  Indiana,  well  I,  samples  48616  and  48629. 


Cone.  fortified(iiscfL)  _ Determined  concentration  (ii£/L) 


Acidified? 

TNB 

TNT 

HMX 

RDX 

TNB 

3,5-DNA 

TNT 

4ADNT 

2ADNT 

No  pH  =  7.10 

0 

0 

Day  0 

Yes  pH  =  2.18 

0 

0 

No 

30.0 

24.5 

65 

82 

28 

23 

4 

Yes 

30.0 

24.5 

68 

79 

28 

24 

No 

0 

0 

Day? 

Yes 

0 

0 

No 

74 

88 

20 

20 

Yes 

69 

84 

25 

23 

3 

No 

0 

0 

Day  14 

Yes 

0 

0 

No 

67 

83 

14 

3 

19 

3 

Yes 

71 

83 

26 

24 

4 

3 

No 

0 

0 

Day  21 

Yes 

0 

0 

No 

67 

83 

6 

3 

14 

3 

2 

Yes 

69 

82 

27 

24 

2 

3 

No 

0 

0 

Day  28 

Yes 

0 

0 

No 

68 

85 

3 

5 

15 

5 

2 

Yes 

75 

93 

29 

27 

2 

2 

29 
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